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FOREWORD

This final report describing the formulation of the Six-

Degree-of-Freedom Program to Optimize Simulated Trajectories

(6D POST) is provided in accordance with Part 3.0 of NASA Con-

tract NASI-14450. The report is presented in three volumes as
follows:

Volume I - 6D POST - Formulation Manual;

Volume II - 6D POST - Utilization Manual;

Volume III- 6D POST - Programmer's Manual.

This work was conducted under the direction of Mr. Richard Powell

of the Space Systems Division, National Aeronautics and Space

Administration, Langley Research Center.
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SUMMARY

This volume documentsthe program logic, subroutine descrip-
tions, and other information concerning the Six-Degree-of-Freedom
Program to Optimize Simulated Trajectories (6D POST)of interest
to the programmer.
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I. INTRODUCTION

The program was written according to guidelines designed to

provide complete generality wherever possible, using a minimum

of central processor time and memory. The guidelines adhered to

are :

i) Variable computer memory requirements dependent upon

the problem, with an absolute minimum allocation of

66025 octal words.

2) CDC Fortran IV extended and CDC compass version 3.2-406

programming languages. Assembly language programmed

routines to reduce central processing time.

3) Minimum program execution code.

4) Modular program organization.

5) Generalized routines to permit simulation of various

types of vehicles.

6) Generality of input, output, targeting and interrputing

variables.

7) Compatibility of operation on CDC 6000 series computers

using either Scope 3.4.3 or NOS i.i operating systems.
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II. PROGRAMSTRUCTUREANDLOGIC

6D-POSTis coded in CDCFortran IV extended and CDCcompass
version 3.2-406 assembly language. An overlay structure is used
to minimize program memoryrequirements and disk storage is used
to minimize the memoryrequired for table data. The program re-
quires a minimumof 70,000 octal words of computer memory. The
minimumfield length requirement for any particular problem is
dependent upon the amount of table data associated with the prob-
lem. The amount of table data stored on disk is a user-controlled
variable, execution time can be reduced at the expense of using
more memoryand vice versa.

Executive programs are used throughout. These control the
program flow by invoking routines which contain the actual math-
ematical formulations. This structure allows the program to be
modified quickly and easily.

All executive programs and load time defining data routines
are maintained on file POST-6D. All other nonsystem routines are
maintained on either the UTILIB, OPTIMor POST-6DLlibraries.

TABLEII-1
SUMMARY OF POST MEMORY REQUIREMENTS

Overlay

(0,0)

(i,0)
(2,0)
(2,1)
(2,2)

(2,3)

(2,4)

(2,5)
(2,6)

Basic

Program

12310

31133

14452

6127

12127

16420

706

10545

6020

Scope

3.4.3

System

15177

4417

1144

576

547

66

14

71

Subtotal

(Absolute)

27507

35552

15616

6127

12725

17167

774

10561

6111

Operating total (minimum) is 66025
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Overall Program Logic

6D-POSTis structured in three overlay levels, as shownin
Figure II-l. The first overlay (0,0) is the master executive
overlay, which controls the overall program. This overlay con-
trols the read-in or input data and determines which trajectory
computations are to be performed.

Overlay (0,0) first calls overlay (i,0), which reads the
namelist input data from cards and stores the processed data on
disc for later use.

Overlay (2,0) is called by (0,0) after (i,0) has completed
the input processing tasks. The first decision in overlay (2,0)
concerns the type of simulation; i.e., single trajectory or search/
optimization mode. If a single trajectory is to be run, the pro-
gramcalls overlays (2,1), (2,2) and (2,3) sequentially, then
returns to the master overlay (0,0). If the search/optimization
modeis to be used, the program control is turned over to sub-
routine MINMYS,which calls overlays (2,1), (2,2), (2,3), (2,4),
(2,5) and (2,6) as required to perform the search/optimization
function. Whenconvergence has been achieved or the maximum
number of iterations has been exceeded, control reverts back to
the master overlay (0,0) for the next problem.

An outline of the approximate calling sequence for each rou-
tine is presented in the following section of this report. This
outline showswhich subroutines are called by a given routine,
thereby allowing the detailed logic flow to be followed easily.
The overall program logic described by the overlays is as follows:

l) Overlay (2,1) reads the previously processed input data

from tape, locates the data for the current phase (event)

and initializes the program values based on this input;

2) Overlay (2,2) initializes the equations of motion for

the current phase;

3) Overlay (2,3) integrates the equations of motion from

time t. to a specified stopping condition for the cur-
l

rent phase;

4) Overlay (2,4) initializes the targeting and optimization

variables for the current problems;

II-2



OVERLAY(i ,0)
READAT

OVERLAY(0,0)
IIASTER

- Main program
i

- Reads namelist inputs

- Stores input variables

- Locates Hollerith variables

OVERLAY (2,4)

TOIN

- Initialize targeting

and optimization

variables

OVERLAY (2,0)

TSPXM

- Contains executive logic

for search optimization

MI_S

- Determine optimization

option

DINPT OVERLAY (2,1)

- Reads previously stored

input data for current

phase

PHZ_II OVERLAY (2,2)

-Initiaiizes equations

of motion for current

phase

Figure II-i. - Program Macrologic
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CALE

- Calculates targeting

errors

PltZXM OVERLAY (2,3)

- Integrates the equations
of motion for the current

plase from t. to the
i

specified stopping condition

TEST

- Tests for convergence

ITERO OVERLAY (2,6)

- Prints iteration diag-
nostics

GRAD

- Calculates cost gradient

- Calculates sensitivity

matrix

DELTU OVERLAY (2,5)

- Calculates control

corrections

- Updates control para-

meters

11-4

Figure II-i.- Concluded



5) Overlay (2,5) calculates the control corrections based

on the search/optimization algorithm being used, limits

the control parameters that violate the control param-

eter constraints, and tests for convergence;

6) Overlay (2,6) prints out an iteration summary at the end

of each iteration. It also performs any other informa-

tion output tasks required by search/optimization algo-

rithm, such as printing trial step summaries.

The program dictionary (subroutine DICT) performs a one-to-

one mapping of variables in common and the Hollerith names by

which the user can select the variables for a variety of uses,

including output, stopping conditions, control variables, and

targeting variables.

All variables in tile dictionary are located in common with

respect to two labeled commons, IV and END. The first of these

commons defines the starting reference; the last defines tile end-

ing reference. These commons must bracket all commons required

by the dictionary.

6D-POST uses a generalized table storing and look-up proce-

dure. Each table has its own multiplier, which is implemented by

dimensioning the table by (2). The first location contains the

address of the table and the second location contains the table

function multiplier. Tables are stored on disk to minimize memory

requirements and are transferred from disk to memory only when

required. The number of tables resident in memory is variable

and can be modified through the input. The generalized table

lookup (GENTAB) is set up to handle all allowable types of tables,

namely, constant-value, monovariant, bivariant, and trivariant.

Outline of Program Logic

This outline shows the calling sequence for a single iteration

for the trajectory and optimization logic. Certain routines are

called only if certain options are requested. These routines are

presented in their approximate calling sequence. The outline

allows the user to follow tile program flow either forward or back-

ward from a given routine to aid in understanding the logic flow.

Each subroutine that is called by another routine is listed im-

mediately below and to the right of the calling routine.
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Tape or File Designations

The program uses several Tape (File) designations internally
to perform the simulation tasks. These files are normally stored
on discs, but tapes can be used by assigning them to proper file
designations.

Tape (or File)

3 and 4

5 (INPUT)

6 (OUTPUT)

8 (PROFILE)

The file designations are as follows:

Definition

Contains the general data and table multipliers

for the problem

Contains the initial conditions for each event

that has a control parameter

Store input data for multiple runs

Stores input data

Stores output data

Contains the simulation profile

Common Designations

POST uses several labeled commons to provide communication

between subroutines. In addition, a blank common is used to act

as a data buffer for the table input data and the event criteria.

The blank common could be labeled, if desired, without adversely

affecting the operation of the program.

The labeled commons are briefly described below in alphabeti-

cal order. The variables are listed in the following section

alphabetically to provide an easy cross-reference.

AUXVC: Common AUXVC contains the variables that are com-

puted as auxiliaries at the end of each integration step.

CYCVC: Common CYCVC contains variables and flags used to

perform cycling functions during forward integration.

DPGVC: Common DPGVC contains the variables and flag associ-

ated with the guidance (steering) options.

DYNVC: Common DYNVC contains variables and flags required

to perform dynamics functions during the forward integration.

Primarily this includes time references and discontinuity flags.
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DYTEM: CommonDYTEMcontains variables and storage used by
the integration algorithms to integrate the equations of motion
forward. Novariable in this commonmaybe input or output.

END: CommonENDis used to define the end of the dictionary.
Any variable defined in a commonafter commonENDcannot be input,
output, or used as a search parameter. This commoncontains only
one variable, namely, END.

GENIC: CommonGENICcontains variables of a general nature
that are required in overlay (0,0).

GUIDIC: CommonGUIDICcontains the input variables for the
generalized guidance routines.

GUIDVC: Common GUIDVC contains the computed variables for

the generalized guidance routines.

H_LINC: Common H_LINC contains all of the Hollerith input

variables.

INFVC: Common INFVC contains variables and flags that may

be used in the information output routines at any phase.

IV: Common IV is used to define a reference to the diction-

ary region. All variables that are to be input, output, or used

as search parameters must be defined in a common between common

IV and common END. IV contains the size of this region. This

common contains variable, namely, IV(2).

L_CAL: Common L_CAL contains parameters used in computing

the equations of motion and the auxiliary equations that are not

required to be input or output. If a common variable is to be

added and it is not needed as an output or an input, it should

be added to this common.

MNMMLT: Common MNMMLT contains a list of mneomonic multi-

pliers associated with the aerodynamic tables. The first cell

contains the value 1.0. The remaining cells contain the address

of any input variable within the dictionary.

M_TBL: Common M_TBL defines all tables to be interpolated

by the general table lookup routine GENTAB. Each table requires

two consecutive storage locations. The first is the table ad-

dress and the second is the value of the table multiplier. When-

ever a table is added to this common, subroutines DICT and DATA

must be modified accordingly.
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M_TIC: CommonM_TICcontains all parameters that are re-
quired as input to the equations of motion. Input parameters
do not have to be defined in this common;however, when such a
parameter is defined in a lower common(e.g., M@TVC),the pro-
gram must search for the dictionary and, hence, run longer.

M_TVC: Con_nonM_TVCcontains all variables used in the equa-
tions of motion. Theseare generally not input or constant par-
ameters. They are available for output, table arguments, or
search parameters through the dictionary.

MULTRC: CommonMULTRCcontains the variable associated
with the multiple-run capability.

_VRLY25: Common_VRLY25contains the variables required by
overlay (2,5), which contains the direction-of-search logic.

PHZVC: CommonPHZVCcontains flags and constants required
to perform the phasing functions.

REDAT: CommonREDATis defined in overlay (i,0) by READAT
and contains variables and storage data required to build the
general and table data buffers.

SEARC: CommonSEARCis defined in BLKDATand, in general,
contains all parameters required by the iteration algorithms.
Variables in commonSEARCcan be input only once per run through
namelist SEARCH.They cannot be changed through input at a
phase. Since SEARCis defined in overlay (0,0), it is available
to every routine in the program.

SERVC: CommonSERVCis a service commonavailable to all
routines in the program. This commoncontains 50 cells of tempo-
rary storage, 5 commonlyused index parameters, and a list of the
most frequently used fixed- and floating-point constants. This
commonshould be used whenever possible in order to conserve
storage.

SPECAL: CommonSPECALcontains the variables associated with
the special calculation routine CALSPEC.

TARGVC:CommonTARGVCcontains parameters calculated for the
target vehicle.

TGOVC: CommonTGOVCcontains variables and flags required to
perform the time-to-go functions.
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Program Additions

The guidance, navigation, and flight control routines will
generally be coded by the user. The coding of these routines may
require the user to makeminor program additions. The most fre-
quently requested types of program additions are: addition of new
general variables, addition of generally new tables, and addition
of new integrals. Instructions for making these additions are
presented in this section. Other types of additions will gener-
ally require in-depth knowledge of the program code, and a pro-
grammerfamiliar with the program should be consulted.

Addition of nneww___eneralvariables.- General variables are
any variable that are computedin the simulation portion of the
program and are to be input, output, used as table arguments,
search parameters, integrals, or derivatives. The program Execu-
tive processing algorithm expects to find all general variables
defined in a labeled commonwhich is loaded between the labeled
common/IV/ and the labeled common /END/. The labeled commons

/IV/ and /END/ are defined in subroutine DICT for overlay (i,0)

and in subroutine DATA for overlay (2.0). The labeled commons

defined between /IV/ and /END/ must be in the same order and must

be the same size in subroutine DICT [overlay (i,0)] and in sub-

routine DATA [overlay (2,0)]. That is, a one-to-one mapping of

parameters in subroutine DICT to subroutine DATA relative to

labeled common /IV/ must be maintained; /END/-/IV/ in overlay

(i,0) must equal /END/-IV/ in overlay (2,0). This is absolutely

required for proper program operation.

The following steps should be followed to add a general
variable:

I) Add the new variable(s) to an appropriate labeled common.

For example, if the new variable is an auxiliary param-

eter, it should be added to labeled common /AUXVC/. New

variables should be added on to the end of an existing

common. Only the length of the common should change,
NOT the structure.

If the user does not want to add to an existing common,

a new labeled common may be defined, and the new vari-

ables included in it. However, this is not generally

necessary.
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2)

3)

The labeled common to which the new variables have been

added, or the new labeled common, is replaced or added

into subroutine DICT in overlay (i,0). If a new labeled

common is being added it must be placed after common

/IV/ and before common /END/; but not between common

/MOTBL/ and common /MOTEND/. The locations from common

/MOTBL/ through common /MOTEND/ are reserved for tables.

For every new variable added, the Hollerith name by which

it is to be known must be set into its location for use

during input processing. This is done by a DATA state-

ment in subroutine DICT. For example, if a new variable

called AROANG is added, then the data statement DATA

AROANG/6HAROANG/ must be added in the subroutine DICT.

4) If the new variable is going to be on input quantity it

must be added to NAMELIST/GENDAT/. The input

NAMELIST/GENDAT/ is defined in subroutine RGENDA in over-

lay (i,0). Include the new or updated labeled common

and add the new input variable to the namelist.

5) Subroutine DATA, in overlay (2,0), establishes the ini-

tial or nominal values of the variables to be used in

the simulation. Every new variable must have a nominal

value set, even if it is zero. Add the new common, or

update existing common with new variables, in the sub-

routine DATA.

6) Add data statement in subroutine DATA to set nominal

value of new variable.

7) Add or change common for new variable in routines where

it is to be used. Add necessary coding to perform com-

putations involving new variable.

Addin_ new tables.- The program has a generalized table ac-

cessing feature that allows new tables to be added without add-

ing dimensional arrays, hard-wired table arguments, table types,

table dimension, etc. The program input processor packs all

tables input by the user, into an array in blank common. At

execution time, the table interpolation routine, GENTAB, is

directed to a particular table in the blank common array by a

pointer, which is set at data initialization at the beginning of

each phase. Thus, each table has a pointer associated with it.

Each table also has a multiplier associated with it, by which the

table is scaled during execution. To add a new table the user

need only add the table pointer and the table multiplier. Be-

cause the pointer and multiplier can change from phase to phase,
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they are included in the general data area of program. That is,
they are defined between labeled common/IV/ and labeled /END/

as they are specified in Subroutine DICT and DATA for overlays

(i,0) and (2,0), respectively. The table input processor expects

to find all table pointers and multipliers together, and in pairs.

The pairs must be defined between labeled common /MOTBL/ and

labeled common /MOTEND/, as declared in Subroutine DICT and Sub-

routine DATA. A new table pointer and multiplier should be

added to labeled common /MOTBL/. A new labeled common could be

declared between common /MOTBL/ and /MOTEND/, but this is gen-

erally not necessary.

To add a new table the following procedure is to be followed:

l) Add two locations to labeled common /MOTBL/ for the

table pointer and multiplier.

2) Replace labeled common /MOTBL/ in Subroutine DICT in

overlay (i,0).

3) Add data statement in subroutine DICT to set table name

in pointer, and Hollerith name of multiplier into table

multiplier. For example, if a new table called EMFT is

to be added, then E_T(2) is added to common /MOTBL/.

In Subroutine DICT the data statement DATA E_T/4HEMFT,

6HEMFTM/ is added. This sets the table name, E_T, and

the table multiplier EMFTM for the input processor.

4) Table multipliers are input through namelist /TBLMLT/.

Thus the table multiplier must be added to namelist

/TBLMLT/ in subroutine RTBLML in overlay (i,0). Replace

the labeled common /MOTBL/. Include equivalence state-

ment to equate table multiplier with desired input name.

Add input name to namelist /TBLMLT/. For example,

EQUIVALENCE (EMFT(2), EMFTM); add EMFTM to namelist

/TBLMLT/.

5) Replace labeled common /MOTBL/ in subroutine DATA in

overlay (2,0).

6) Add data statement in subroutine DATA to set table

pointer to zero and table multiplier to desired nominal

value. Generally the table multiplier will be set to

1.0. For example, DATA EMFT/0 , 1.0 /.
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7) To reference the new table add or replace labeled common

/MOTBL/ in routine where table look-up is to be per-

formed. To perform the interpolation, the interpola-

tion routine GENTAB is called with the table pointer as

an argument. For example:

VOLT = GENTAB (EMFT)

If the table is not input, GENTAB will return as zero.

Adding new integrals.- Any general variable computed in the
simulation model can be integrated provided it satisfies the neces-

sary conditions of differential and continuity as required by

the intergration algorithms. The variables must be computed in

the inner loop of the simulation, and be defined as a general

variable in Subroutine DICT and Subroutine DATA. The program

determines which variables are to be integrated during any phase

from an integration list, which is defined in BLKDAT. The inte-

gration list contains three entries for each integral. These

entries are the integral name, the derivative name, and a flag to

indicate whether this integral is to be integrated or not. Dur-

ing phase initialization this flag can be set to turn the inte-

gration on or off. The integration list is defined in labeled

common /DYNIL/ in BLKDAT. The first location in labeled common

/DYNIL/ contains the total size of the list including itself.

Thus, to add an integral the co_nnon /DYNIL/ must be increased

by three, and the contents of DYNIL(1) increased by three.

To add a new integral the following procedure should be

followed:

i) In BLKDAT, overlay (0,0) increase the dimension of

DYNIL in labeled common /DYNIL/ by three for each new

integral.

2) In the associated data statement increase the number

prestored into DYNIL(1) by three for each integral added.

3) Add the DATA statement to set the Hollerith name of the

integral, of the derivities and a nominal value of 0 or

i, depending when the integral is to be nominally off

or on, into three new locations defined in DYNIL.

For example, to add DYNPI as the integral of DYNP, the

following DATA statement should appear.
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4)

5)

DATA DYNIL/M, 6HTIME, 6Htime , I

6HDYNPI, 6HDYNP , 0

Add integral and derivative, if required, to simulation

as described previously under addition of general vari-
ables•

If the user desires to turn the integral on or off as a

function of input, or model selected, then, the asso-

ciated flag must be set in the integration list in Sub-

routine MOTIAL (overlay 2,2). The utility routine INTGRL

can be used. The first argument is the position of the

integral in the list, the second is the number of inte-

grals to be set, and the third the flag zero or one.

Adding New Auxiliary Calculations

Additional auxiliary variable calculations can be added to the

subroutine AUXFM. Their location within the routine determines

when and how often these computations are performed. To add new

calculations one of the following procedures should be followed:

i) Position code between the call to subroutine GAMLAM and

the call to CONIC. Calculations within this area are

calculated at each integration step.

2) Add variables to an existing variable partition set and

add equations to the section of AUXFM which computes

the variable set. The following updates must be made.

a, Adjust the CALNAM array to reflect the additions,

in common AXCAVC;

b ,

C.

Adjust the routine NOMHOL local variable array

NOMVL3 to reflect the changes;

Add the variable names to the NOMVL3 data statements;

d, Adjust the NOMHOL DO loop upper limit which trans-

late the variable names;

e, Adjust the partition constants defined by data

statements in routine DATA.
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3) Define a new partition set and add equations to the end

of AUXFM. Repeat steps listed in procedure 2. The ICAL

and INFF variables can be used for control when these

additions are computed.
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III. SUBROUTINE DESCRIPTIONS_ FLOW CHARTS, AND SELECTED LISTINGS

This section describes the subroutines used in the program.

Flow charts and/or listings are also presented in order to show

the detailed operation of the subroutines.

Note that the routines are presented alphabetically, rather

than in the order shown in the previous outline of program logic.

The outline enables the user to follow the program logic flow from

one subroutine to another with a minimum of searching to find the

next routine, but this alphabetical listing makes it easier to

find subroutines at random.
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AER¢: This routine calculates the aerodynamic forces and moments
in the body coordinate system.

NCP(8) : 4

AER¢4

COHPUTE
AXIAL ANDNORMAL
FORCECOEFFICIENTS

COMPUTESIDE-
FORCECOEFFICIENT

COMPUTEPITCHING, I
YAWINGANDROLLING
MO_fl_NTCOEFFICIENTS

I

I ADD
VISCOUS

TERMS

COMPUTE AERO
FORCES IN THE
BODY SYSTEM

COMPUTE AERO

MOMENTS IN THE

BODY SYSTEM

RETURN
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AER_HI: This routine calculates aeroheating indicators
that are functions of angle of attack, sideslip, and Machnumber.

MACH: 1

>

I

COMPUTE MACH- I SET MACH DEPENDENT

|MULTIPLIERS

DEPENDENT _TO ONEMULTIPLIERS

,
INITIALIZE

THE DERIVATIVES

OF THE HEATING

INTEGRALS

APPLY CORRECTIONS

FOR ALPHA AND BETA

RETURN
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AER_4: This routine calculates the corrections to the lift
and drag coefficients (DCLVand DCDV)to be applied to CL and CD
to account for viscous interaction effects.

COMPUTEVMU,
REYN_,AND
VINV

VINV : VINFI

>

RECOMPUTE VINV

COMPUTE DCLV

AND DCDV

ADD CORRECTIONS

TO CL AND CD

RETURN

RETURN
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AIRFM: This routine calculates the total external forces
and momentsacting on the vehicle.

AIRFM

COMPUTETOTALEXTERNAl
FORCESAS THESUMOF
THRUST,AERO,ANDRCS
FORCES

!
COMPUTE THE TOTAL |
EXTERNAL MOMENTS AS THElSUM OF THRUST AERO,
AND RCS MOMENTS
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ATM_S: This routine determines which atmosphere model is
to be used.

ATM_S

NPC(5) : i

NPC(5) : 2

ATM_S3

ATM_SI

ATM_S2

= RH¢+ (i. + GENTAB(DENKT))
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ATM_SI: This routine computesthe atmospheric parameters
using generalized table lookups.

ATM_S1

PRES= GETTAB(PREST)
ATE}{= GEl]TAB(ATE}IT)

NO

NO
IF[CST = O]

YES
.m,

CS = #ATM_SK(1)*ATEM

I!

CS = GENTAB(CST)

YES

RH_ = ATM_SK(2)*PRES/ATEM

RH@ = GENTAB(DENST)
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ATM_S2: This routine computes the atmospheric parameters

based on the 1962 U.S. Standard atmosphere model as a function

of geopotential altitude.

RA = FPP5*(RE + RP)

I1c = RA_,H_/(RA + He)

IF[I_FLAG _ 1]

--_IF[HG - HB(ISV)]

0

= 0

YES

> 0

HG = HG/CMPFT

HG(ISV + i)]

= 0

ISV ISV +

ISV+ II

'®
ATEM = T_USV) + Pm(ISV)*(HG - nB(ISV))

@
ATEM = TMB(ISV)

PRES = PB(ISV)
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=0
IF [RL (ISV) ]

PRES =

#0
m

PB (ISV) * (TMB (ISV)/ATEM) ** (i. 8743295E-2/RL (ISV))

;II

PRES = PB (ISV) *EXP (-i. 8743295E-2" (EIG-HB (ISV))/TMB (ISV))

G
_@ = .58256430E-3*P_S/ATEM

CS = 49.0221568 =

NO

ATEM = ATEM/CTEMP

PRES = PRES/CPRES

RH@ = RH_/CDENS

CS = CS*CMPFT

RETURN
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AUTCPM:This routine calls the selected autopilot model.

AUTCPM

IF[ IGUID(14)=2 and EVTF=2 ]

NO

IS THE AUTOPILOT DT_ 1.El0

NO

RETURN

IS IT TIME TO CALL

THE AUTOPILOT

YES

RETURN

UPDATE AUTOPI

TIME
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ATM_S3: This routine computes the atmospheric parameters
based on the 1963 Patrick AFBatmospheremodel.

ATM@S3

CONVERT ALTITUDE

TO METERS

IIF ALTITUDE IS NEGATIVE I
SETITEO_ TOZEROI

DETERMINE THE

ALTITUDE REGION

AND EVALUATE

THE PROPER

POLYNOMIALS

COMPUTE ATEM,

PRES, AND DENS

FROM

TO ENGLISH

UNITS IF REQUIRED

RETURN
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AUTPI: This is a user supplied ascent autopilot (analog with
load relief) model.

USERSUPPLIED
EQUATIONS
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AUTP2: This is the user supplied reentry autopilot routine.

REENTRYAUTOPILOT
EQUATIONS
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AUXFM: This routine calculates the auxiliary variables as-
sociated with the closed loop guidance equations at each integration
step and all other auxiliary variables that are required as a func-
tion of input data whenneeded.

V
I COMPUTE GAMLAM IIF REQUIRED

COMPUTE DGAMA ]AND DLAMD

COMPUTE RELATIVE
VELOCITY IN THE

G-SYSTEM

I COMPUTE GEOCENTRICLATITUDE

COMPUTE GEODETIC lLATITUDE J

COMPUTE INERTIAL

VELOCITY, FLIGHT PATH

ANGLE, AD AZIMUTH

i ill_

i COMPUTE RELATIVE
VELOCITY, PATH

ANGLE AD AZIMUTH

l

COMPUTE RANGE IPARAMETERS

COMPUTE ALPTOT, i

QALTOT, DRAG

AD LIFT IF

REQUIRED

COMPUTE MEASURABLE [ACCELERATION

COMPUTE CONIC

PARAMETERS IF

REQUIRED

COMPUTE BANK

ANGLE

CALCULATE

DGENV

)R

IF REQUIRED

CALSPEC

IF REQUIRED
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AUXFMI: This routine initializes the auxiliary calculations.

AUXFMI

PIF : 0

VELOCITY
COMPONENTSIN
THEG FRA_

®
NPC(23) : 2

NEWSTG : 0

RSS DELTA VIDEAL

FOR PREVIOUS

STAGE

®

NPC(12) : 0

I COMPUTE REFERENCE

PARAMETERS FOR

RANGE CALCULATIONS

I INITIALIZE THE THRUST
INCIDENCE ANGLES FOR

STATIC TRIM

rNPC(28) : 0 )

NITIALIZE THE

RACKING STATION

ARAMETERS
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BACK_I: This routine computes the inertial Euler angles,
given the LB matrix.

BACK_I

ABS(LB(5)) : I.OE-I

>

CO_UTE R_LI

COMPUTE YAW1

(I)) : 1

>

COMPUTE PITI

RETUP_

<
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BACKER:This routine computes the relative Euler angles,
given the GBmatrix.

BACKER

(GB(1)) : 1.0E-I,

>

CO_UTE YN4R

<

COMPUTE PITR

(9)) : 1

>

COMPUTE R@LR

RETUP_
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BLKDAT: This routine is not called explicity but performs
its function of presetting all internal program values at load
time. Certain of these values can be overridden later by input
if desired.
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W_DECKtBLKDAT
BLOCK DATA

CWb_* BLKDAT

C SET INITIAL PROGRAM VALUES
C_W_wkTHE DATA STATEMENTS IN THIS ROUTINE ARE STANDARDIZED
C
C
C
C
C
C
C

C
C
C
C
C
C

•CALL MULTRC
C
• CALL PAGERC
C
•CALL SERVC
C
'IrCALL PADC
C
•CALL GENIC
_CALL SEARC

C
C

STANDARD FORTRAN DECLARATIONS
COMMON
DIMENSION
FOUI VAL FNCE
TYPE (CAN BE ANYWHERE ABOVE)
DATA (CAN BE ANYWHERE)
NAME L ZST

- WARNING-
,m_,l, COMMON MULTRC MUST BE FIRST COMMON IN BLKDAT ,wkw_

COMMON/INFIV/ INFIV(I )

COMMON / INFIC / PE(4BO)t NPRNT
COMMON/TNFND / INFND
COMMON /DYNIL/ DYNIL(175)
COMMON)'INPVC / INPCF
COMMON IBKT(15000)

DIMENSION DYN_LI(52)
DIMENSION DYNIL?(48)
DIMENSIO_ OYNXL3(IB)
DIMENSION DYNTLA(ST)
DIMENSION PE|(216)
DIMENSION PE2 (264)
EQUIVALENCE (OYNIL|(I),DYNIL( |)|
EQUIVALENCE IOYNIL?(|)tDYNIL(53))
EQUIVALENCE (DYNIL3(|),DYNIL(|Ol))
EQUIVALENCE (DYNIL4I|),DYNIL(||9))
EQUIVALENCE (PE(1),PEI(1)_
EQUIVALENCE (PE(21?)tPE2(1))
COMMON MULTRC

DATA IN /3 /
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C
C
C

C
C
C

DATA IO /3 /
DATA MULTRF/I /
DATA TCSIZ /0

COMMON PAGFRC

DATA ICASE /0 /
DATA HEADER /IO*IH /

COMMON SERVC

DATA TEMP
DATA STEMP
DATA ]R 1
DATA IR2
DATA I_3
DATA ZR4
DATA IR5
_A'rA la6
DATA NULL
DATA NO0
DATA NO|
DATA NO2
DATA NO_
DATA _04

DATA NO5
DATA NO6
DATA NO'/'
DATA NOB
DATA NO@
DATA N] 0
DATA NI]

DATA _1|2
DATA N1 3
DATA N14
DATA N] 5
DATA FPnO
DATA FPP5
DATA _Pl
DATA FP2
DATA FP3
DATA FP4.
DATA FP5
DATA FP6
DATA FP7

DATA FP8
DATA to9
DATA FPIO
DATA FPll
DATA rp]2
DATA FP13

150"0

I2.r'_o.0

IO
/0

I0
/0

I0

I0

IIHU

I0

11

12

13

14

15

16

17

Ie
19

110

/11

I]2

113
114

115

I0.0

/ ,,5
/l .0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0

II0.0

11].0
I12.0
/13.0

/

/
/
I
/
/
/
/
/
/
/
/
/
/
/
/
/
/
t
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
I
/
/
/
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CkW#

C***

C***

C***

C***

DATA FP|4

DATA rP]5
nATA FP&_

DATA rDqO

DATA FP190

DATA FP2?O

DATA FP360

DATA P]02

DATA oI

DATA RPD

DATA DPR

DATA TWOP]
OATA FTP_M

DATA CMPFT

DATA IOFLAG

/]4o0 /

l]5.n 1

/60o_ /

190.0 /

I]_0.0 I

12"_.0 1

1360.0 1

/I .570796326794P9651

13 ._4| 5926_3_Bq79_I

/0.0_76_320?51oot,_2_1

/57,, 3o 5779 _130, _2371

/607_.1155 /

/01

CFORCF = NEWTON_ PER POUND

DATA CFORCE /4o44822_6|52605/

CP_FS = LR/FT,_2 PE_ NFWT_NS/METFP.S_*2
DATA CPR_S /.0208854347I

CTEMP = DEGREES _ PER DEGREES K
DATA CTEMP /1.8 /

CDENS = SLUGS/FTa_=3 PER KILOCnA,/mETFr_,e _,

DATA CDF.NS /.00194091o65 /

CHEAT= JOllLES PF_ BTU

DATA CHEAT I|O54.350264488_B8 i

CMA_$ = KILOGRAMS PEP SLUG

DATA CMASS /14. Sq3q029 /

DATA CVDIST/6076.115_ /

DATA ]DENT /].0 _0.0 tC.O

I O °0 , _ ._. ,0.0

2 OoO ,0o0 ,_. °0
DATA ]VSZ /O /

DATA X_NF /1.OE+ll /

DATA $PDY /P6._O0. /
DATA SPHO 13600. /

OATA FPEM6 /].OE-6 /

DATA F_EMQ /7 °OE-8 /

DATA FPEMIO/I.OF-IO /

9

t

/

DATA INFIV /0 /

DATA ]NPCF /0 /

DATA PE]

]/O_6HTIME ,O,6HTIMES ,0,6HTDURP ,O_6H.nENS

2_O,6HALTITO_Ot6HGCRAD ,O,6HGOLA't ,O,6H_CLAT

3•O_&HVFLI _ 0 _6HG AMMA I _,0 _ 6HAZVE t I tO _H)tT

_*_0 _ 6HVELR _ 0 _6HGAMMAR _0 _6HAZV_LR _0 _6HY_

5_O_6HVELA _ 0 _6_C',AMMAA sO _ 6HAZ VELA •0 _6HZ !

6_O_6HGAMAD _O_&HAZVAD _O_6HDNNRNC_O_,6HCRRNG

7•0 t6HTHRUST• 0 _6HWF IGHT•O•6_NPOT

_O_6HPRES tOtbHAIEM

,O,6HLONG ,0,6PL_NCT

• OtbHVXI •O,6,_AXI

• Ot6HVY] ,O,6HAV_

tO_bPVZ] •E_6HAZI

t O•6HDPPNG] _0 t 6H_pR NC-2
_0 _H_ ICON • OtbHWPPOP •P•&_ASMG
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C

C

C

8)0 t 6H FTXB

9)0 t6HFTYB

D)Ot6HFTZB

A)O,6HCA

RtOt6HCY

CtO)6HCN

DtO t 6HROLBD

Et 0 t 6HP|'TBD

FrO ) 6HYANBD

GtOt6HROLBER•O •6HROLAC
H t 0 • 6t4 PT TBER • O •6HP ! TAC

X/

,0 _SHFAXB

• 0 •6HF AYB

• O t6HF AZB

• 0 •6HC LL

,O,6HCM

• 0 t6HC W

•OtbHROLBDDtOt6HROLI

• O •6HP ITBDD•O t 6HYANT

• 0 •6HYANBDD•Ot6HP]TI

• 0 •6HXREF
)O•6HYI_EF

|/O • 614YAWBER, O •6HY AN AC

2 1252_0

3/

DATA NPRNT /240/

• Ot6HAXB ,O)6HTMXB )O)6HAMXB

tO)6HAYR •0 •6HTMYB tO)6HAMYB

• O•6HAZB •Ot6HTI_ZB tOtbHAMZ_

tO•6HCD •O•6HDRAG tO)6HDYNP

• O•6HCL •Ot6HLTFT •O•6HMACH

• 0 •6HHE ATR T )0 t6HTLHF. AT • 0 •6HREYNO

• 0 t6HYAWP, •O•6HALPHA

tOt6HPITR tOt6HBETA
• 0 •6H ROL R

•O•6HXCG

• 0 t6HYCG

DATA PE2

•O•6HZREF

•O•6HTTMXB
• 0 )6HTTM YB

• 0 •6HTTNZI_

• e •6HA_X !

•O•6HASY!
•O)6HASZ_

• 0 •6HALPTOT

• O)6HQAL PHA

• O•6HBNKANG•O)6HALPDOT

tO•6HZXX tO t6HIXY

• O•6HIYY •O•6HIXZ

• O)6HZCG •O)6HIZZ •O•6HIYZ

DATA DYNTL|

0 /175

,6HTIME t6HDTXM E tl

2 •6HX! •6HVX ! •1

3 )6HYZ •6HVY_ )1

4 •6HZZ •6HVZ I •1

5 •6HVXI •6HAX Z tl

6 • 6HVYZ •6HAY! •2

"7 )6HVZ] •6HAZ I )1
8 t6HMASS •6Hr_4ASS )1

9 t6HEO • 6HDI_O •1

f) ,6HE| )6HOE1 •!

A )6HE2 )6HDE2 )1

B •6HE3 t6H_:3 •1

C )6HFVAL| •6HDFVAL|)O
D •6HFVAL2 •6HDFVAL2•D

E •6HFVAL3 •6Ht_:VAL3tO
F •6HTLHEAT•6HHEATRT• 1

G •6HTIME •6HDTIME: •0

H /

DATA DYN 7L2

I/6HPWPROP t6HPWDOT )0

2•6HHTU_B •6HHTURBDt O

:3 •6HTI M_,F| •6HDTIMR | tO

&t6HTI"MRF2 t6HDT1_MR 2 • 0

5 •6HTX MP F3 • 6HD'lrl'MR :3 ) O
6 •6_T! MR F6• 6H DTIMR 4 • 0

?,6_C,_NT1- ,6HG_VltO .......

8•6HGINT2 ,6HGDERV2,0

9,6HGINT3 ,6HGDEPV3,0
_t6HGI NT_ t6HGDERVZ_tO
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C
C
C

A
R
C
D
E
Fe
C,

D
1
2
3

5
6

t6HGI NT__ t6HGDERV5 _
96HO_r NTE, ,,6_FPV6 _
,6H_ lr_.'_r7 t6HCDF_V?_O
_6HGZt_T8 t6HGDF_VP tO
t6HGINT9 t6_GDERVg_O
6HGINT|Ot6HGD_DVO tO
/
ATA DYNIL3
/6HROL B _6HROLBD ,1

,6HP IT_ t6HPITfiO ,I

,6HYAWB t6HYA_ O t]

_6H_.OLBD ,6H.gOLBDD,I

,6HPITBD ,6HP_'T_DD t l
t 6HYAWBD t6HYAWBDD _ 1

7 /
DATA DYNIL4

I /6HTR_LN ,6HTROLND,O
2 ,6HTPITN ,6HTP]TNDtO
3 t6HTVAWN t6HI_fAWNDtO
4 t6HTROLP t6H_OLPDtO
5 t6_TPITP t6HTPITPDtO
6 t6HTYAWP t6HlrYANPDtO
? t 6HALPF-RZ t6HALPF. RR tO
O t6HWPC ONJ t6HWDOT J

9 t6HDSP INTt6H_._PD

0 ,6HD_YINT taHDSYD

A t6HROLBC t6_4ROLBDC

B ,6HPITBC t6_oI_BDC

C ,6HYAWBC t6HYAWBDC

D t6HFA2! ,6HFA2
E ,6HEYe_ I t6HEY_

t 614TI_T t6W_OF_TD

G t6_DFLA t6I_P.FLAD
H _E,_DELE t6HO_LFD
I t 61-_DE'LR ,6HO_LRD

,0
tO

tO

,0

tO

,0

tO

,0

,0

,O
_0
,O/

COMMON SEARC

DATA CONE:PSI
]
2

DATA CONSEX/
1

DATA DEPPH /
DATA DEPI"L /
DATA DFPVAL/
DATA D_PVR /
DATA FITERR/

I
DATA 6AMAX
OATA IDEB /

09.0 t
3*.bOO01,
2_.00001

_oonoo]

.OOl /

25_900.0 /
25.1.0 /

25*0.0 /

75_0.0 /

.000001
.oOI /

/In.O /

0 /

/
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C
C
C

C
C
C

DATA IDEPVR/ 2550 /
DATA IFDEG / 75_,0 /
DATA INDPH / 2550 /
DATA INDVR / 25_0 /
DATA IPRO / 0 /
DATA LIMIT /5000B /
DATA MAXITR/ 10 I
DATA MODEW / 1 /
DATA NOEPV / 0 /
DATA NINDV / O /
DATA OPT / 0 /
DATA OPTPH /900. /
DATA OPTVAR/ 0 /
DATA PCTCC /o1 /
DATA PCTDLD/° 1 /
DATA PERT /25'_1. E-.4 /

/
/
/

DATA PC.FP5 / 1.0
DATA P2MIN / 1.0
DATA SRCHM / O
DATA STMINP/ .1

l , .1
DATA STPMAX/ l.OE't'lO
DATA II / 25*0,0
DATA WCON / 100°0
DATA WraPT / ]°0
DATA ISFLG /63
DATA IWTFLG/O
DATA HVU /2_1.0
DATA ITOPF I0
DA'rA STPMXSI] HUI
DATA ]'._ENS /0/
DATA $TPMXO/I.0E|O

/
/
/
/
/

I
/

/
/

/

COMMON GENIC

DATA IPRT /63
DATA LISTIN/2
DATA E_N! 11.0I

/
/

COMMON PADC

DATA NPAD /9.,4. tI4.44943979/
DATA PDLMAX /Z.O/
DATA $IGDEL/O .0 /
DATA SDZF /0o0 I
END
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CALE: This routine calculates the performance index (PI)

and the error in the target variables (E(1)).

_PT : 0

PHZF : 0

ABNORMAL TERMINATION.

SET P1 TO TEN TIMES

ITS NOMINAL VALUE

IS THIS THE DESIRED

PHASE FOR CPTVAR?

YES

NO

CO}_UTE PI

)--k PHZF : 0

q ABNORMAL TERHINATION.

SET E(1) TO TEN TIflES

ITS NOffINAL VALUE

IS THIS THE

DESIRED PHASE

FOR DEPVR(I)?

CO>mUTE n (i)
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CALSPEC: This routine is a blank routine to be used when

special calculations of a temporary nature are required. This

routine is called at the end of each integration step from AUXFM.

p
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CCM: This routine contains the logic for the conjugate

zradient method. It is a second-generation unconstrained

optimization technique that has the stability of the steepest-

descent method and the convergence properties of the second-order

techniques.

TEMP = G2MAG**2

ICGM : 0

#

INITIALIZE S(1)

AND DU(I)

@
GSO_LD = TE_[P

ICGM = 0

RETURN

UPDATE S(1) AND

DU(1)
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CLGM: This routine contains the executive logic for the

closed-loop guidance routines.

( CGUID >
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CLSPFL (NENDFL): This routine closes out profile records and

writes a physical end or file on the profile tape for each trajectory.

CLSPFL

IPRT : 0

¢

PRNC : NULL

#

_,mITE OUT ANY

R_iAINING VARIABLES

,TKITE OUT E_FE_F

NENDFL : 0

_mITE A PHYSICAL

END OF FILE

RETURN
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C_MBIN: This routine determines all combinations of the

indices of the active constraints. These combinations of con-

straints are used to determine if any constraints can be dropped,

and are used when the number of tight constraints exceeds the

number of independent variables.

IND(2) = NUMBER OF

ACTIVE CONSTRAINTS

MINUS THE NUMBER OF

EQUALITY CONSTRAINTS

IND(3) = NU_ER OF

INDEPENDENT VARIABLES

MINUS THE NUMBER OF

I EQUALITY CONSTRAINTS

OF IND (2)

IND(3) AT AINDICESTIMETAKEN][
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C_NIC: This routine calculates the Keplerian conic for
either elliptic or hyperbolic orbits, based on the value of the
orbital energy.

CCNIC

CALCULATE
ENERGYAND
SE_IJAX

CO_IPUTE
ANGULAR
MO_NTU?_

COHPUTE
SE_iILATUS
RECTUM

CO_UTE
ECCENTRICITY

CO:_UTEVELOCITY
REQUIREDTO
]IRCULARIZE

COHPUTE
INCLINATION
ANDARGUMENT
OFTIIEVEIIICLE

COMPUTETRUE

ANO}_LYAND
ARG_IENTOF
PERIGEE

COMPUTEECCENTRIC
ANDMEANAN_LIES

CO_UTEAPOGEE
RADIUS,PERIOD,
TIMSP, TI}._P, PGLATC,
PGL_N,ANDAPVEL

<

ENERGY : 0

CO_UTE I_PVEL,

TRUN_IX, DECLIN,

AND RTASC
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C@NTM:This routine calculates engine and aerodynamic

control surface deflections based upon the autopilot commands

and the mixin_ logic.

COMPUTE

AEROSURFACE

DEFLECTIONS

COMPUTE PITCH

AND YAW ENGINE

DEFLECTIONS

RETURN
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C_NV0: This routine converts the output variables from

metric to English, or vice-versa, as required.

V
I CO:IPUTECONVERS ION FACTORS

CONVERT R, VAN,

_2<B(1), ASM, VRM,

VTM, WGT, AND MASS

NPC (1) : 0

CONVERT C_NIC

PARAMETERS

NPC(5) : 0

#

CONVERT ATHOSPIIERIC

AEROHEATI NO, PARAHETER5

NPC(8): 0

#

CONVERT AERODYNAHIC

PARAmeTERS

CONVERT PROPEI,LANT

WEIGHT PARA?IETERS

L ONVERT THRUST

CONVERT HEATING

PAFOXHET ERS FOR

HEATING _ODEL
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CYCXIII : This

of each new cycle.

routine initializes the program at the beginning

SET FLAGS

TO ZERO

NPC(20) : 0

SAVE ADDRESSES

OF TABLES TO BE USED

AS INTEGRATION TI_S

IS THIS THE FIRST

INTEGRATION PASS?

NO

SET TIIE TI_IE

REFERENCES TO TIIE
CURRENT TIME

YES

I SET THE TIME
TO THE INITIAL

TIIIE

QUANTIZE THE

INTEGRATION TIME

CALL TltE ROUTINES

THAT INITIALIZE

THE EQUATIONS OF MO'
RETURN
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yC C,(_I: This routine updates the three time channels.

CYCXMI

IS TillS A

NEW PIIASE ? RETURN

CALCULATE TIME INCRE-

MENT IN EACII TIME

CHANNEL:

s) SIMULATION TIME

b) GUIDANCE TIME

c) AUTOPILOT TIME

UPDATE TIME IN

EACII TIME CIIANNEL
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CYCXM2: This routine computes the next inteEration step-

size base upon all three time channels.

CYCXM2

IS THIS A

NEW PHASE? RETURN

NO

DETERMINE IF EVENT

HAS BEEN REACHED

YES

INITIALIZE COUNTERS

AND FLAGS

NO

COMPUTE CURRENT STEP-

SIZE BASED UPON ALL

THREE TIME C_IANNELS

PERFORM NEAR EVENT

CYCLING FUNCTIONS

RETURN

III-36



DATA: This routine is not called explicitly, but presets
the program variables to their stored values at the time overlay
(2,0) is called.
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_DECKtDATA

SUBROUTINE

C*** DATA

C

C

C*** THE DATA

C

C

O ATA

DATA - DEFINES COMPUTATIONAL COMMONS

(IV - END) INITIAL DATA VALUES

STATEMENTS IN THIS ROUTINE APE STANDARDIZED

COMMON/IV/ IVl2)
C

*CALL AUTOPC

*CALL AUXVC

*CALL CONICC

*CALL CYCVC

*CALL CCONA!

*CALL DP_VC

*CALL DYNVC

*CALL IIUFVC

_CALL MNMMLT
*CALL HOLIN_

*CALL MOTRL

*CALL _40T IC

*CALL RMOTIC

*CALL MOTVC

*CALL RMOTVC

*CALL PHZVC
*CALL RANC_EC

*CALL SAUTOC

*CALL SPECAL

*CALL T_OVC

*CALL GUIDIC

*CALL GUIDVC

C

C

C

C

*CALL

C

*CALL
*CALL

C

COMMON/END/ FI_

AXCALC

OYTEM

LOCAL

I PRO(502)
COMMON/PRO/

COMMON IGFLAGS/ IGFLAG(IO}

COMMON IGVAP_ I _VAR,q;(IOO)

DIMFNSION

DIMrNSION

DIMENSION

DIMENSION

AUTO>C(180)

AUXVCI (4!

AUXVC2(23)

CONICC( 29l

111-38



C

DIMENSION

DIMENSION

DIMFNSION

DIMENSION

DIMENSION

DIMENSION

DIMENSION

DIMENSION

DIMENSION

DIMENSION

DIMENSION

DIMENSION

DIMENSION

DIMENSION

DIMFNSION

DIMENSION

DIMENSION

DIMENSION

DIMENSION

DIMENSION

DIMENSION

DIMENSION

DIMENSION
DIMENSION

DIM_PNS!ON

DIMENSION
DIMENSION

DIMENSION

DIMENSION

EQUIVALENCE
EQUIVALENCE
EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQU !VAL ENCE

EQUIVALENCE
EQUIVALENCE
EOUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EOUIVALENCE
EQUIVALENCE
EQU ]VALENCE

CCON1 (10)
CCON2(IO)
CCON3(]O)
CCON4(IO)
CCON5 ( 1 0 )
CCON6(IO)
DPGVCI(6)
DPGVCI(27)
DYNVC 1(14)

HDL INI (43)
MNMMLI ( 61 )
MOIRE| (lR4)
MOTBL6(12_)

MOTBL?(!72)
RANGEC (8)
_MOTIC( 30 )
RMOTI 2( ._)
RMOTVI ( 2.53 )
RMOTV2(59)

MOTVIC | t. 62 )
MOTVC2 ( q)
MOTVC3 (100)

eAUIDI ( 52 )
SPECA1 (24)
GUIDI] ( 21 )
GUIDI2 (10)
GU IDI3 ( 8 !
GUIDVI ( 801
LOCALI (137)

(AUTOPC (1) ,AAFFP ( I ) )
(AUXVCI (l) tAI.PTOT )
(AUXVC2(1) ,YXMN(] ) )
(CONICC (1) ,SFMJAX(] ))

(CCONI(1),CONI(I,1))

(CCONI(!) ,CON! 11,2) )
(CCO_3(I) ,CON] fit3) )
(CCON4(I) ,CONI (1,4) )
(CCON5 (I) ,CONI (It5))

(CCOM6I 1) ,CONI(I,6) )
(OPGVCI(._)_ALPHA )
(OPGVC2 (1),ROLI )
(DYNVCI (_) t_TIMR (1) )
(HOL IN1 (1), ALPAPG )

(MNMML I |I ),CADANM)

(MOTBL1 (1) tCST(1) )
(MDTBL6(I) t IXXT(I ) )
(MOTBLT(1) tAYBCT(| ) )
(RANGEC (|) _CRRNG )
(RMOTIC(I) _DREFR ( l ) )
(PMOTII(1) ,IAEROM)
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C

C
C
C

C

C

C

C
C
C
C

C
C
C

C
C
C

EOUIVAL_NCE (RHOTVI(1) tIXX )
FOUIVAL_NC_ (RHOTV2(]),PND(|I)
EOU!VALENCE (t,_.nTVC 1 ( _ ) r AMX_ { I ) )
_eQUIVALENCE | t4OTVC2 (1) tLON_X )
EQUIVALENCE |MOTVC3(I)rDFN$ }
EOUIVALENCE ( $AUTD] (I) tHAAP(| } )
EQUIVALENCE (SPFCAI(I}tSPECI(1))
EQUIVALENCE (GUIDII(1) 9TIMEG)
EQtl]'VALENC_ fGU!DI2(I)tYAWPK|]))

-_OU!VALENCE (GUIDI3(!)rGTIME2)
EOUIVALENCE tGUIDVI (!)rGr)T)
EQUIVALENCE { LgCAL l { 1_) _CA|.PHA )

DATA PRO /502_0/

DATA IGFLAG /10.0/

AXCALC

DATA INIIM /St 24r
DATA NSETS /6/
DATA NVAR /6q/

6t 28t 2r 4r Or Or Or O/

DATA GVARS /100-0/

DATA IV(2) /0/
AUTOPC
DATA AUTDPC /]RO_O/

AU XVC

DATA AUXVC ]/4_0/
DATA XMAX /Ifi-",,-I .OE]O/
DATA XMIN /It* 1.0E!0/
DATA AUXVC 2427_04

CONICC

DATA CDNICC/29'I,O.O /

CCONA]

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

NEQI /6/
HDT /0/
CCON!
CCON2
CCON3
CCON4
CCON5
CCON6

/2Fr410r.05,4_O/
/2_t4"0,.05,4_0/
/2Rt_*0_1.0,4.0/
/2Br4*Ov.OSr4*O/

/2Br4*Or.OSr4*O/
/2_,4"0r.05,4"0/
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C
C
C

C
C
C

C
C
C

C
C
C

CYCVC

DATA DELT t0.0
DATA DT /1 .O /
DATA DTIME /|.0 /
DATA DTN /1.0
DATA DTO /0.0
DATA ENO]S /1.E-8 /
_ATA TREF /0.0
DATA IDTAB /&_O
DATA ZFLG /0
DATA CVCr /0
DATA DFLTT /0o0 /
DATA GTIME /0.0 /
DATA ATZNE /0°0 /
DATA DT_ /1.-r+300/
DATA DTA /1.E_300/

/

/
/

/
/
/
/

DPGVC

DATA DPGVC|/6q3/
DATA AB
DATA GB
DATA IA
DATA _B
OATA IG
DATA IL
DATA LB

110 tO •0
2,0 •2 •1
3•10"0
4/

DATA DPGVC212"I_O/

/].C,O.OtO.O,O.O,l.0•O.O•O.O•O.O• 1.0/
/1.0,0.0,0.0•0.0•1.0,0.0•0.0,0.0• ! .0/
/1.0• 0.0,0.0,0.0,1.0,0.0•0.0,0.0• 1.0/
/1.0,0.0,0.0•0.0•1.0,0.0•0.0, 0.0, 1.0/
11.0• O.OtO.O,O.O, !.0•0.0•0.0,0.0, _..0/
/1.0,0.0,0.0,0.0•_ .O•O.OtO .O,O.Ot ! .0/
/1.Or O-OtO.O,O-Ot ! .OtO.O,O .0,0.0,1.0/

r)ATA IGU]'D
tO ,1 ,0 •0 ,0 tO
tO •0

DYNVC

DATA DYNVCI/14_O.O /

HOLINC

DATA HOLINl/43*O.O
DATA I._LFND /0/

/

INFVC

DATA ESNPRT/O
DATA EXTRAP,L_NT/2_O/
DATA P_NC /0.0
DATA PRNC /|_J

/

/
/

,0
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C
C
C

C
C
C

C
C
C

DATA FTD /IOHUD265 FTLE,110H ToD. 0000/
DATA I'NIrFtlPRNTB,TPRNTR/3'_O/
DATA PSTOP /6HP_TOP /
DATA TITLE /IOn|OH /
DATA gFID /0 _0 /

MNMMLT

DATA ONE II.O/

DATA MNMML! /hl*'OI

MOTBL

DATA MOTBLI

1/0,1., 0,1., 0,1., 0,1., 0,1., 0,1., 0,|., 0,1., 0,1., 0,1.
2,0,I., 0,1., 0,1., 0,1., 0,1., O,l.t O,l., 0,1., 0,7., 0,1.
3,0,1., O,t., 0,_o, 0,1., 0,1o, 0,1., 0,1., 0,1., 0,1°, Oil.
4,0t|et O,l., Oel°, 0,1°, O,l.t 0,1., O,_ot 0,1°, 0,1., 0,1o
5,0,1., 0,1., O,l., 0,1., 0,1., 0,1., 0,1., 0,1., 0,1., 0,1.
6,0,1., O,_., 0,1., 0,1., 0,!., 0,_., O,l., 0,1., O,l.t 0,1.
"/,O,l., 0,1., 0,|., 0,1., 0,1., 0,1., 0,!., 0,1., 0,1., 0,1.
B,Otl.t O,l., O,]., Oil., 0,1., _,l., 0,|., 0,|°, Otl.t 0,3.
9,0,I., 0,I., 0,_., O,l., 0,I., O,1., O,_., O,l., O,I., 0,1.

O,Otl.w 0,1o

DATA MOTBL6
1/0,1., 0,1., O,l., 0,1., 0,1., 0,1., O,1., 0,1., 0,1., 0,1.

2,0,l.t 0,1., 0,1., 0,1', 0,1., 0,1., 0,?-, 0,I., 0,1., 0,]-
_,0,I., O,l., O,i., O,i.' 0,]., 0,_., 0,1., O,l., 0,1., 0,1.

4,0,1.t 0,1., Oil., 0,i., 0,1., 0,1., 0,1., O,l.t 0,1., O,1.
5,0,1., 0,1., Oil., O,l.t 0,1., 0,1., 0,1., 0,1., 0,1., 0,1.
6,0,1., 0,1., 0,_., 0,_., 0,1., 0,1.t 0,I., O,!., 0,1., 0,1.

7,O,1. /
DATA MOTBL7

1/0,1., 0,1._ 0,1., 0,1., O,l., O,l., 0,_., 0,]., 0,]., 0,1.
2,0,1., 0,1., 0,1., 0,1., 0,1., 0,_., 0,_., 0,1°, 0,1., 0,_-
._,0,1., 0,1., 0,1., O,l., 0,1., 0,1., O,l°, 0,1., 0,1., 0,1.
4,Ot|o, O,l°, 0,|-, Otlo, Otlot O,2°t O,Y°, 0,1., O,l°, 0,1.
5,0,1., 0,1*, 0,1., 0,1*, 0,1., 0,]-, O,l., 0,I*, 0,1., 0,1.
b,O,]., O,l*, O,l., 0,1., 0,1., 0,1., 0,1*, 0,1., 0,1., 0,].
7tO,l., O,l., 0,1o, Oil., O,l.t 0,1., 0,_-, 0,_°, C,l°, O,_-
_,O,l., 0,!., 0,1., 0,1., O,l.t 0,_., 0,1., 0,1., 0,1., 0,1.

g,O,l°, 0,1o, O,l. t Otl.t Otl., 0,][.
01

MOTIC

DATA ALTREF/IOO.

DATA LATPEFIIHU
DATA LONREFIO.O
DATA AZ_EF /0.0

/
/
/

/
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C

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

OATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

]960

DATA

DATA

DATA

DATA

1960

DATA

DATA

OATA
DA'A

DATA

DATA

1960

DATA

DATA

DATA

_ATA
DATA

DATA

DATA

DATA

_ATA

DATA

DATA

OATA

DATA

DATA

DATA

TIMREF/O.O /

ATMOSK /1.0 ,1.0 t
AZW_ i180. /

AZL /O .0 t

LATL /]HU /
LONL / 1 _ /

CLCDMX/O .0 /

DETA /0 °0 /

DESNE /0.0 /

ETAPC /l.OtO.tO.tO° /
__TA /11.0/

_INT /lO*O. 0 /

GO /32.174 /

GXP ,GYP, GZ P/45"0.0/

HEATK /I.t|7600°,26000./

ALTITO/O.O /

ISPV /15"1.E11 /

FISCHER EARTH MODEL

J? /I .0823E-3 /

33 /O.O /

jL. /0.0 /

LREF /1.0 /

FISCHER EARTH MODEL
Mr! I] .4076530E+16 /

OMEGA /7.292] l E-5 /

PSL /IHU I

PNPROP/O .0 /

RHOSL /. 0023769 /

RN /] .0 /
FTSCHER EARTH MODEL

RE 120025741. /
RP / L,-,-,-,-,-,-,-,-,_)8 J55590 . /

SREF IO.O /

TS L I ] HU /

WGTSG /I.E-]O /

WJETT ,WPLD ,W PROP T ,WE I CONI4*O .01
XREF 13'*_).0

AEXP I _4

CINF /1.O

VZNrI /.DO?

IFNGA 115"I

IENGT /15"]

IWPF I15_0.0

NENG /15

NEOS /_°O

II0 ,l ,4

2,0 ,O ,O

3,16"0

&/

DATA CPNXRD/O/

/
/

/

/

,2

,0

/

/

/

/

/

DATA NPC

,2 ,0 vO ,1 tO ,0

,0 ,0 ,1 ,0
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C
C

C

DATA CPYXRDIOI

RNOTIC

DATA HMAMX / ].OE20/

DATA HMEMX I 1.0E201

DATA HMRMX / 1.0E201

DATA AR._FL /0/

DATA EREFL /0/
DATA RREFL /0/

DATA r)AMAX / I.OE20/
DATA DEMAX / 1.0_c201

DA_rA DPMAX / I°OE20/

DATA DADMAX /I.OE?O/

DATA DEDMAX I_.OE201

DATA DP, DMAX /|.OE20/

DATA DAM]rN /-I.0E:20/

DATA DEMIN I-1.0E201

DATA DPMIN I-1.0_201

DATA DELAAC lot

DATA DELEAC /O/

DATA OELRAC 1Dr

DATA DFPMAX /1_,11°0E20/

DATA DEYMAX /1551.0E20/

DATA RMOTIC 138_0/

DATA FHMAX /_,I,].OF20/

DATA RMOTI2 /5,11,0/

MOTVC

DATA MOTVC1/62'_n/
DATA GCLAT tlHU

DATA GDLAT /O

DATA L!'ING /1HU

DATA MOTVC2/9,_

DATA GCRAD /]HU

DATA MOTVC3/IO0_O/

rATA ISV / ] /

DATA RFYNO /0/

DATA VMU /0/

DATA CDA /0 /

DATA CDO /0 /

DATA CLA /0 /

DATA ClO /0 /

DATA CAA /0 /

DATA CAO /0 /

DATA CMA /0 /

DATA CMO /0 /

DATA CNA /0 /

DATA CNO /0 /

DATA CWB /O /

/

/

/

I
/
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C
C
C

C
C
C

C
C
C

C
C
C

C
C
C

C
C
C
C

DATA
DATA
DATA

CWO
CYB
CYO

/O
/O
/0

/
/
/

RHOTVC

DATA
DATA
DATA

RMOTV| /_3"04
ENGROL 115.|.CE10/
RMOTV2 /59.0/

PHZVC

DATA
DATA
DATA
DATA
DATA
DATA

ALTMAX/1.E20 /
ALTMIN/-5000. /
MAXTIM/1.0EIO /
FVTF /O /
FErN /|00 /
]ESN,PHZFtPIFtI6/4*O/

SAUTOC

DATA SAUTO1 152"0/

_PECAL

DATA SPECA1t2_O /

TGOVC

DATA FUXN /10_0
DATA PCTGO / .9 /
DATA SAVE /T_0
DATA TGO /10,0E10/
DATA T]MXtE_N42*O/
DATA ]FVNT /|0_0
DATA 7SZEV /0
DATA NXEVT 43 /
DATA 75 /0
DATA DVALUE /0/
DATA SAVEI /_Ca'O/

/

/

/
/

/

GUIDIC

DATA GUIDII /21-0/
DATA PPLIDL /I.OE2O/
DATA PITIDL /1.OF20/
DATA YAWTDL /1.0E20/
DATA _OL]NL I-1o0E20/
DATA P]T]NL /-1.OE2O/
DATA YANINL /-1.0E20/
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C
C
C

C
C
C

C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

DATA
DATA
t3ATA
DATA
DATA
DATA

ROLIPL /I.OE 20/
PITIPL /!.OE201
YAWIPL /loOE2O/
GUIDI2 II0=0/

RAZD 1-44o0/
GU_DI3 /_Ol

GUIDVC

DATA GUIDVI /P,O*O/

DYTEM

DATA NMAX /40 /

LOCAL

DATA LOCALI/13T*O/
rATA ATIMEH /-IO.OEIO/
DATA SFILTR /60"0/

NPC(1)
NoC(?)
NPC(3)
NPC (4)
NPC (5 l
NoC (6)
NPC(?)
NPC(8)
NPC (9)
NPC{|O
NPC(tl
N_CII2
NPC(]3
Noel14
NPC(15

NPC_I6
NPCf_?
NPC(18)
NPC(I_)
NPC(20|
NPC(21)
NPC{22)
NPC|23)
NPC(24)
NPC(25)
NPCt?6)
N_C{27)
NPC(28)
NPC{2@)
NPC(30)

FLAGS CONIC CALCULATION
FLAGS INTEGRATION SCHEME
FLA_S INITIAL VFLOCITY INPIST
FLAGS INITIAL POSITION INPUT
FLAGS ATMOSPHERE MODFL
FLAGS ATMOSPHEPE WINDS

NOT USED
FLAGS AERODYNAMIC COEFFICIENT

FLAGS FNGINE TYPE

) NOT USED

OPTION
OPTION

TYPE

) FLAGS ENVIRONMENTAL INEQUALITY CONSTRAINTS
I _LAGS CROSS AND DOWNRANC_E CALCULATION
) FLAGS PROPELLANT JETTISON f_PTION
) FLAGS HOLD DOWN OPTION
) FLAGS HEATING RATE
) ;:LAGS EARTH MODEL

) FLAGS MASS FRACTION JETTISON OPTION
_LAGS TRAJECTORY TERMINATION
FLAGS INPUT CONDITIONS PRINTOUT
FLAGS DT MODEL
FLAGS FLOWRATE METHOD FOR ROCKET ENGINES
FLAGS THROTTLING PARAMETER
NOT U SED
FLAGS GENERAL INTEGRATION
NOT USED
NOT US_rED
FLAGS INDIVIDUAL ENGINE FLOW_ATES
NOT USED
NOT USED
FLAGS WEIGHT AS FUNCTION OF TAPLE LOOKUP
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NPC(3I) NOT USED
NPC(32|-NPC(3_) NOT USED
NPC(35) FLAGS DIALOG C,FN_RATED DATA INPUT

FND
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DELTU: This is the nain program of overlay (2,5). This

routine determines the direction of search, based on the search/

optimization mode selected by user input.

CALL WI,CAL

FClR PROBLEH

WEIGHTING

CALL G2_¢;

TO CALCULATE

GIIADIENT

_IACNITUDES

,RANCll ON SEARCH

tlODE (SRCItM)

=I

SDM,

W}IICll I,q TIlE

STEEPEST-DESCENT

METHOD

___CALL UN ITI)U

TO UNITIZE 'rltE_
DIRECTION OFJ

SEARCil _ ,,

4__CALL GABDD TO>

DETEmMINE

_F SRCttM :
INEQUALITY

STEP-SIZE

@ _BOUNDARIES

=2

CALL C_;II,

WItlC|I IS THE

__ CAId, I)CHP2, F

WIIICII IS TIlE

DAVIDON bIETITOD

ON P2

=, ___ gO ]_ WltI'CII IS TIIE

_ PROJECTED

CRADIENT
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DERIV: This routine updates the time references and calls the
computational routines.

TDURP= TIME- TREFP
TDURS= TIME- TREFS

NPC(2) : 4 =

M_TI_N M@TENC

RETURN
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DERVI: This routine initializes the time references and calls
the routines to initialize the equations of motion.

TDURP= TIME- TREFP
TDURS= TI_ - TREFS

M_TIAL

RETURN
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DGAMLA: This routine computes the rate of change in path

angle and azimuth relative to the atmosphere.

DGAMLA

DWINDS

COMPUTE INERTIAL

VELOCITY COMPONENTS

IN TUE G FRAME

COMPUTE RATE OF

CIIANGE IN

LATITUDE,

ALTITUDE, AND

INERTIAL VELOCITY

COMPUTE RATE OF

IN TIIE A_{OSPUERIC

RELATIVE VELOCITY

COMPUTE DVAM,

DGAMA, AND DLAMD

RETURN
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DGM(G): This routine computes tile direction of search based
on the Davidon deflected gradient method and is used to minimize
a scalar-valued function whose gradient vector is given by G(I).

COMPUTEA NEWDEFLECTION
_ATRIXBASEDONG(1),
GP(I), ANDUESS(I)

C01._UTE TIIE NEI4 DIRECTION I

IOF SEARCII BASED ON TIlE

NEW DEFLECTION MATRIX

AND TIIE CURRENT GRADIENT

VECTOR
I

J
STORE TIIE COMPUTED

DIRECTION OF SEARCII IN

PP(J) _D TIlE CURRENT
GRADIENT VECTOR IN

GP(J)

III-52



DG_2: This routine computes the direction of search for
minimizing P2 via the Davidon variable metric method.

ICGM= 0

NO

TI:E
METHODUSINGTHE
STEEPEST-DESCENT
DIRECTION

DGM

RETUP@J
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DICT: This routine is not call explicity, but maps the

variable names to core locations at the time overlay (I,0) is

called.

III-54



_ECK ,DICT
-cUBPOUTINE DICT

C*** DICT
C DICT -DEFINES COMPUTATIONAL COMMONS
C (IV -END) DICTIONARY VALUES DATA
C**_ THE DATA STATEMENTS IN THIS ROUTINE ARE STANDARDIZED
C*** THERE MUST BE AN EVEN NUMBER OF INTEGERS IN COMMONS BETWEEN
C IV AND END FOR THE UNIVAC 1108 DOUBLE PRECISION VERSION
C

C
C
C
*CALL AUTOPC
*CALl AUXVC
*CALL CONICC
*CALL CYCVC
*CALL CCONA|
*CALL DPGVC
*CALL DYNVC
tCALL INFVC
*CALL MNMMLT
*CALL HOL INC
*CALL MOTBL
*CALL MOTIC
*CALL RMOTIC
*CALL MOTVC
*CALL RMDTVC
*CALL PHZVC
*CALL RANGEC
*CALL SAUTOC
,I,CA L L SPECAL
*CALL T,_OVC
*CALL GUIDIC
_CALL GUIDVC

COMMON/END/END
C
C,qr** C O M M O N S
C
*CALL DYTEM
C

C

COMMON/IV/ IV(2)

COMPUTATIONAL DATA REGION

NOT INCLUDED IN DICTIONARY

C O M P U T A T I O N A L

DIMENSION AUTOP|(86)
DIMENSION AUTOP2(94)
DIMENSION AUXVC 1(4T)

DIMENSION CONICC(29)
DIMENSION CCONI(IO)
DIMENSION CCON2 (| O)
DIMENSION CCON_'_(| O)
DIMENSION CCONA(|O )

DATA DICTIONARY
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C

DIMENSION
DIMENSION
DIMENSION

DIMENSION

DIMENSION

DIM .r'NSION

DIMENSION

DIMENSION
DIMENSION

DIMENSION
DIMFNSION

DIMENSION

DIMENSION

DIMENSION

DIMENSION

DIMENSION

DIMENSION

DIMENSION

DIt4ENq.;IO_

DIMENSION
DIMENSION

DIMENSION
DIWENSION

O!MENS_VON

DIMENSZON
DIMENSION

DIMENSION

CCONS(IO)

CCOIN_,(]0)

CYCVCI(20)

DPGVC1 (]21 )

DYNVC1 (141

INFVCI(23)

MNMMLI(6?)

HOLINI(49)

MOTPL6 (|22)

MOTBLT( 84 )
RANGEC ( 8 )
PMO'TV] (126)
PMO ,'_V? (126)
RMOTV3(30)
RMOTV4(_9)

MOTICI (]126)
MOTIC2(80)
RMOTIC(O4)

MOTVC1 ( !26 )
MOTVC2 (h6 )

PHZVCI (9)

SAtJTr)I | 52)
SPECA1 (24)
TC.OV_ 1 ( 126 )
TGOVC2 ( 121
GUIOI1 (49)
GUIDVI(80)

EQUIVALENCE (AUTOPI(1
EOUIVALENCE (AUTOP2(1
EOU IVALENCE (AUXVCt (!
EQUIVALENCE (CONICCII
EQUIVALENCE (CCONI(1)
EQUIVALENCE (CCON2 (I)

EQUIVALENCE (CCON3(1)
EQUIVALENCE (CCON4(I)
EQUIVALENCE (CCON5 (1)
__QUIVALFNCE (CCON6(I)

EQUIVALENCE (CYCVC](1
EOUIV/(LENCE (DPGVCI(I
EQUIVALENCE (DYNVC](I

EQUIVALENCE (INFVCI(I

EQUIVALENCE (MNMMLI( 1

EOUIVALENCE (HOLINI ( ]
EQUIVALENCE (MOTB L6 (I
EOUIVALENCF (MOTB L'7( I
EOUIVALENCE (RANC, EC (1
EQUIVALENCE (RMOTVI(1
EQUIVALENCE (_MOTV2 (I
EQUIVALENCE (RMOTV3(1
EQUIVALENCE ( PMOTV4 ( 1

)tAAFFP(| ) )
),ALPERR 11 ) )
) tALPTOT )
) tSEMJAX( I ))
,CONI(I_I) )
,CON! (1,2))

tCONI(1,3))
,CONI (I,6))

tCONl(ltS) )
,CON1(1,6))
)tDELT )
) tALPHA )
),DTIMR (I) )
)tESNP_T )
) t ONE )
) t ALPARG )
)_IXWT(1))
) tAYP, CT( I ) )
) tCn.RNG)
)tIXXlI))

)_DEY(8) )
)tPND(I))

) tCADA(I ) )
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C

C

C

C

C

C

EQUIVALENCE

_OU IVAL_NC_

EOUIVALENC_

_QUIVALENCE

EOU IVALENCE
EOU_VALENCE

_QUIVAL_NCE

EOUIVALENCE

EOU|VALENCE

EQU IVALENCE

EQUIVALENCE
EOUZVAL FNCE

(HOTICI

(I_T][C2
( RI_OT ! C

(MOTVC1
(NO"rVC2

(m_ZVC1

I $AUT _|

( SPEC A1

(I) _,ALTREF )

(|), IENGA(8 | )

(I)tHNAMXtI))

(_) ,AMX_(i ) )

(])tXII3))

(I)eALTNAX

|| ) •HAAP( 1 ) )

(1) •SPECI(1)

I't_OVCI(1)•FUXN|1) )

('t_OVC2(1)•_AVEI|29))

(GUXDT](1)tTIMEGI

(GUIDV]II)•GDT)

! /6HAAFFP| •6HKtFF P2

2 t 6HACCELY •6HAFFP ]

3 •6HANGAP t6HANGAY

4 v6HASFFP316HASFF Y|

5 •6HAYBC •6HAZf_C

6 •6HCKAP •6HCKAY

7 •6HCKLVY •6HDFFP1
8 •61_ ISR t6HDISP

9 •6t_YACCER•6HDLDR L

0 •6HPITBER•6HYAWBERtbHRBDC

A •6HYAWAC •6HRFFR| •6HRFFRZ

!t •6HRFFY| •6HRFFY2 •6HRFF:Y3

C t6HTAULP •6HTAULY
! /

I /6HALPERR

2 ,6HAZRB

3 •6HBLLH

4 •6HDADMX

5 •6HOELEC

6 •6HEA2I

T •6MHME
8 •6HNNRJ2

9 t 6HNPYJ2

(1 _ 6HY Ak_l

A •6HTONT

B •6HTYAWND

C •6HTHRSJ

O •6HR_LRER

X /

DATA AUTOP_

• 6HAAFFP3•6HAAFFY| • 6HAAI:FY2•6HAAFFY3 •6HACCFL

• 6HAFFP2 •6HAFFP3 •6HAFFY| t6HAFI:Y2 •6F.#AFFY3

• 6HAPRL ZM•6HAPPL ]M 1,6HAPYL I M•6HASFF P] t 6HAS f:FP

• 6HASFFY2_6HASFFY3 • 6HAXBM •6HAYBM •6HAZBM

• 6HDFFR 1

•6HCKASP
•6HDFFP2

•6HDI'$Y

•6HYLDRL

2

t6HDFFR2 t6HDFFR3 t6HCKAAP

• 6HCKA._Y •6HCKLAP t6HCKLVP
t6HOFFP3 •6HDFFY| t6HDFFY2

•6HDSPTNT•6HDSY_NT_6HLDRLF

• 6HPATR • 6HR ATP t 6HRATY

• 6HP_DC _ 6HYRDC •6HP, OLAC
• 6HRFFR3 t6HRFFPI t6HRFFP2

_6HRRATER• 6HPRATF. Rt6HYRATER t6HTAUIN

t 6HC K AAY

,6HCK LAY

t6HOFFY._

•6HPACCER

•6HROL_ER

t6HPITAC

• 6HR FFP_
T

DATA AUTOP2

t 6HBETE RR •6HBNKERR •6HALPERI • &HAL PHAC•6HAXRB •6HAVRE
t6H_FTAFH•6HBE:TAH •6H[_ETAH?t6HBETOH2t6HRETDFHe6H_FTDTH

,6HCHA t6HCHE •6HCHP

• 6HDEDMX •6HDRDMX •6HDAXB

• 6HDELRC t6HDELECI •6HDELAD

• 6HEDE/AHt6HEPIH _6HEY5

• 6HHMR t6HHMF| •6HHMF_
t6HNPPJ1 •6H_.'PRJ1 •6HNPRJ2

• 6HCKA ,6HCKE •6HCKR

• 61_AY_ ,6HDAZB t6HDELAC

,6HDELED ,6HDELRD •6HEA2

• 6HEYSH •6HEYSI _6HHMA

• 6HHM F'3 t6HNNPJ | _ 6HNh.'R J 1_

• 6HNNYJ1 •6HNNYJ2 •6NNPYJI
t6HPITN• 6HNUDC FLt6HROLIERt6HYAWIFR •6HPIT_ER•6HROLN

•6HR_LP

•6HTONTD

•6HTROLP

•6HTZSPJ

_6HDSPD

• 6HPITP •6HYAHP •6HRLLH t6HDITBDHt6HYA_BPH

• 6HTROLN t6HTPITN t6HTYAHN t6HTROLND_6HTPITND

• 6HTPITP _6HTYA_P t6HTRt'I.PD_6HTPITPDt6H_YA_PD
• 6HUDCTR •6HHDOTJ t6HHPCONJ•6HYAHPER•6HPITRER

• 6HDSYD , _

AU X VC

| /6HALPTOT•6HDRAG

DATA AUXVC]

• 6HLIFT •6HDGENV •6HXMAX1 •6HXHAX2 _6HXHAX3
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C

C

C

C

C
C

C

C

C

C

2 t6HXMAX4 t6HXf4AX5 ,6HXMAX6 e6HXMAX? ,6HXMAX8 t6HXMAX9 ,6HXMAXIO

3 t6HXMIN| _6HXMIN2 t6NXMIN3 t6HXM]Ne, t6HXMIN5 t6HXMIN6 tbHY.MIN7

I, t6HXMINR _6HXMIN9 t6HXMINJOt6HYXMN| e6HYXMN2 t6HYXMN3 tbHYXMN4

5 t6HYXMN5 t6HYXMN6 t6HYXMNT t6HYXMNR t6HYXMN9 _6HYXMN|Ot6HYYMX|

6 t6HYXMX2 t6HYXMX3 t6HYXMX4 t6HYXMX5 t6HYXMX6 tbHYXMX7 t6HYXMXR

7 t6HY_M)t9 t6HYXMX|Ot6HXR t614yR t6HZR

B /

DATA CALNAM /'_3_6HCALNAM/

CDN_[CC

DATA CON|CC

! 16HSEMJAX,6HECCEN ,6HINC ,6HLAN t6HARGP ,6HTRUAN ,6HALTA

2 ,6HALTP t6HANGMOM_6HAPORADt6HAPVEL ,6FIARGV tbHD_CLINe6HDVCIR

3 ,6HECC. AN t6HEN_RGYt6HHYPVEI, t6HLANVE _6HMIEAAN t6HPER][ODt6HPGCLAT

A t6HPGERADt6HPGLON t6HPGVEL t6HRTASC t6HTIMSP t6HT|MTP t6HTRUNMX
5 ,6FaVCTPC
6 /

CC ONA |

DATA HDT /6HHDT /

DATA NEQ| /6Hh_..QI /

DATA ££0N| /6HCON|| _6HCON2| ,6HCON3| ,6HCONAI ,6HCON5I

| ,6HCON6! t6F4CONT] t6HCON8| ,6HCC_NQ! ,6NCONI_O!
?. /

DATA CCON2 /6HCON|2 t6HCON22 t6HCON32 t6HCON42 t6HCON52

| t6HCON6. _ ,6_CON72 t6HC_N._ e6HCL'_/O2 ,6HC_N|02

? /

DATA CCON3 /6HCON|3 ,6HCDN?3 t6HCON33 t6HC_4_J _6HCC_N53
] t6HCON63 t6HCON?3 t6HCON83 t6HCONQ3 t6HCONI03

DATA CCON4 /6HCDN|4 v6HCON24 t6HCON34 _6HCON44 t6HCON54
1 ,6HCON_4 _6HCON74 _6HCCtNB4 _6HCON94 _6HCON|O4
? /

DATA CCON5 /6HCON|5 _6HCON25 _,6HCON35 t6HCCN45 t6HCONS5

! t6H_,_5 t6HCONT5 t6HCON85 t6HCONC)5 t6HCONI05

?. /

DATA CCON6 /6HCON16 t6HCON_6 _6HCL'_N36 ,6HCON46 ,6HCON56

3 ,6HCON66 t6HCON76 t61"4CONP6 t6HCCINo6 _6HCON|06

? /

DATA CYCVCI

| /6HDELT t6HDT _6HDTIME _6HDTM _6HDTO _6HENOIS _6HTREF

t 6HI DTAB| _6H _TA B_ t6H|DTAI_3 t6H ]DTABA t 6HI 13TAB 5_ 6HIDTAB6 t6HI FLG

3 t6_CYCF t6HDEITT _6HGTTME _6HATIM_ _6HDTG t6HDTA
4 /

DATA DPGVC1
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C

C

C

C

C

C

C

C

C

C

C

| /6HALPHA

2 t 6HAE?.

3 •6HA B9

4 t6HGBT

5 t6HIA5

6 t6HIB13

? •6H]G_

8 _6HZG8

9 t6H_L6

O t6HLBA

A t 6HI C,IJID2

B v 6HZGUZD9

C t6HIGUIDI

D _6H_GUID2
E t6HP ITR

F _6HP ZTTD

G t 6HDE2
H •6HXYOME2

! /

• 6HBETA • 6HBNKANG• 6HAL PDOT • 6HB E TDOT_6HBNKDOT

• 6HA_3 t6HA_ I- •6HA_5 t 6HA_.6 •6HA_T

• 6HG_| • 6HC, B2 t 6F_GB3 t 6HGB4 •6HGBF

• 6H(_f_ •6H_B9 t6HIA1, _ 6H]A2 t6HIA3

• 6HIA6 t6HIAT 16H!AR •6H!A9 •6HZB1|

_6Hlrl_ 2| t6HI_22 t6HI_23 •6HI_3| •6HIB32

• 6HIG2 t6HIG3 t6H]G4 •6HIC,5 t6HI¢6

t6HIG9 _6H!ll _6HIL2 •6HIL3 •6HIL4

• 6H_L? •6HIL8 •6HIL9 •6HLB| •6HLB2

• 6HLB5 _6HLB6 t6HLB't _6HL ._8 •6HLBq

• 6HIGUI D3 •6H IGUID4t6HIGUID5
t6HIGUID! t6HZGUZD|t6HIGUID!

• 6HIGUID| t6H_GUID_ •6HZGU_01

16HIGUI D2 t 6HIGUID2 t6HROLI

t6HROLR t6HROLBD •6HPITBD

e6HYAN_D •6HPITRD •6HRDtRD

• 6HOE3 •6HFO •6HE|
•6HXYOME3

•6_aIGUID6t6HIGUIDT
6HIGUID I•6HIGUID2

•6H__GUZD2_6HZGUID2
t 6HVAWI t6HPITI

• 6HYANBD t6HROL ID

• 6HA LPBET•6HDFO
_6HE2 •6HE3

•6HAB1

• 6HA _

•6laGS6

tbH_A4

•6H,_B_2

•6HIB33

•6HIG?

t6H_L5

•6HLB3

,6H_C-UID I

t6H_ C_UID I1

•6HIGUID2
•6HYAWR

t6HYAW_D

•6HDE!

• 6HXYP. H.¢

DATA DYNVC1

1 /6HO TIMRI •6HDTIM R2 t 6HDTIMR3 •6HDTIMR6 t 6HTDURP

2 •6HTIMRF2•6HTIMRF3t6HT_MRFA•6HT_I:P _6HTRE_:S
3/

• 6HTIMES _6HT I,_,_F |

• 6HNDISC _6HNPAS_

DATA INFVCI

I /6HESNPRTt6HEXTRAP•6HLPRNT •6HP_NC _6HPR_._C _6HFIDI •6HF]_2

2 _6H_NFF •6HIPI_NTBt6HZP_NTR_6HPSTf_P _6HTITLEI_6HTITLE2t6HTITLE3

_6HT ITLE4 •6HT_TL F.._ •_HT]TL F.6 • 6HT1 _rLF? _ 6H_r ITL E I_•6HT ITL E _ •6H_I_LF ]
• 6HSFID| •6HF..F _D_

5/

DATA HNMHLI

I /6HONE t6HCADANMt6HCADENMt6HCA_RNMe6HCAF1N •6HCAF2N t6._CAF_Pq

_6HCANM _6HC_.rlANMt6HCDDC.NM_6HCDDI_NMe6HC_I:_N _61_CDF2N t6HC_F?_

3 •6HCDNM _6HCL_ANH_6HCLDENHt6HCL_NH•6HCLI:|N •6NCLF_N •6HCLF_N

• 6HCLNN _6HCLL_NMt6HCLLDAN t6HCLLDFN t 6HC LLDRN•6HCLLF |N t6HC LLF?_ N

5 •6HCLLF3Nt6HCLLPNM•6HCLLRNMt6HCMANM t6HCMDANN_6HCMDFNN_6HCH_f_H
6 _6HCMF_N _6HCHF2N _6HCMF3N •6HCMQNN t6HCNANM •6HCNDANH•6HCND_NH

"t t6HCNDRNM•6HO_F|N t6HCNFTN t6HCNF3N •6HCI4f_NH •6HC_DAN_•6HC_E_H

8 t6HCWDRNMt6HCWF_N •6HCWI:2N •6MCWF3N _6HCWPNM tbHCWRNM •6HCY_.'.H

9 t6HCYDANMt6HCYDFNMt6HCYDRNM•6HCYFIN t6_aCYI:2N •6HCYF_N
/
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C

C

C

C

C

DATA HOL IN!

1 /6HALPARGt6HBETARGt6HPNKARGt6HETAARGt6HrCF| t 6HDGF2 _6HDGF3

2 ,,6HGD__RV| _ 6HGDFR V2 e6H_,__ P,V3 v 6HFDFR VA _ 6HC_ DFRV 5t 6HGDER V6 _6HC_DERV7

31 t 6HGDERV8 t6HGDER V9 t 6HGDER VO t 6HMPNF ]

4 _6NMONX2 t6HMONX3 t6HMONX4 t6HMONX5

5 t6HMONX9 t6HHDNXZO,6HMONY| t6HMONY2

6 t6kfl_ONY6 t6HMDNY'_ t6HMrJN¥8 w6HMONY9

"7 t6HROLARG
8 /

,6HMONF2 t6HMONF3 t6HMON_I

t6HMONX6 t6HMONX7 t6HMONXR

_6HMONY3 t6HMONY4 t6HMONY5

• 6HMONY|O•6HYAWARG t6HD ]TARG

DATA ]'V(2) /6H_ /

DATA CST 16HC ST ,6HCSM /

DATA ATEMT I6HA1ff_.IT t6HATEMM /

DA_'A PR_ST /&I-_PRFS "_ _6,_PRES;_ /

DATA VWUT 16HVWUT • &_VWLIM /

DATA VWVT /6Fn,/WV T v 6HVWVP /

DATA VWWT /6HVWNT t&HVHL-_M /

DATA AZWT /6HAZWT t6N6ZWM /

DATA VWT /6 HVWT _ 6NVL-JM /

DATA ¥AI4T /61_fA_f T t _PV_.WM /

DATA P]TT /6N9, ZTT t6_P[Tr-_ /

DATA ROLT /6HROLT t(_,HR_| r4 /

DATA CDT /6F_CDT t 6HC_1'4 /

OATA CLT /6t-¢.LT t6H_LM /
OATA CAT /6HCAT t6HCAM /

DATA CNAT /61-_NAT t6_CHAM /

,t3ATA CYBT /6HC.Y_ T _6HCVR_. /

,r)A't A CMAT /6HCMA T _ 6HCMAr4 /
DATA C_PT /6HCWP, T t 6_C [q B f'-_ /

_ATA _CGT /bHXC_ _ •_,_'CGM /

DATA YCGT /6_fYCG T a _HVCCN_ l

DATA ZCGT /6_ZCGT _ &,_-_ C _P-_ /

DATA TVC][T

1./6HTVC|T ,6HTVC|M ,6HTVC_'T _6HTVC2M _ f_HTVC _T ,6HTVC3M

• 6I_TV_T _bHTVC6M

_ 6 _':TVC "_T ,6HTVC 9M

_.•6HTVCAT ,6HTVC4M t6_TVC_T ,6HTVC_M

_6HTVCTT t6HTVCTM e6HTVCQT ,6HYVC_N

A_6HTVC ][ ._T• 6_ TVC |0 M _6_HTVC _ ._T_ 6"TVC 111M • 6HTVC I_T t 6H TVC 1 2M
5 • 6HTV C 13T _ 6HTVC '!_ M _ 6HTVC _4 T_ 6HTVC |4M • 6 HTVC _5 T _,6HT VC 1__ M

DATA WD|T

_/6HWD|_ •6HWD]M t6HWD2T •6HWO2M t6HWD3T ,6HU'D3M

2_6HWD4T •6HWD4M t&HW_ST _6HWD_M t6_HD6 _ _&HWD6M

3•6HWO'/'7 •6HWtry_M •_HWORT ,6HWORP •&HWOgT •6HWDQM
A_6HWD1_OT _6HWDIOM e6HWD1_1_T _6HWD||M •61'_'/D]2T _6HWO]2M

5•6HWD|3_ •6HWD]_M _6HWD]4T t6HWD_4M •6HWDI.._ •6HWD|SM

6 /

DATA AETT
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C

C
C

I/6HAE IT

2t6HAEAT

__t6HAETT

?t6HA_r |I3T

5t6HAFI3T
6 /

DATA

DATA
DATA

DATA

DATA

DATA

DATA
DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DA'rA

DATA

_ATA

DATA

DATA
DATA

,6HAE|M _6HAE2T ,6HAE2M t6HAE3T •6HAE3M

t6HAE4M t6HAEST •6HAIESM t6HAE6T t6HAE6M

t6H AE-FM t6HAEST •6HAESM •6HA_rgT t6HAEgM

• 6HAE|OM t6HAE|IT •6HAET|M •6HAE|2T t6HAE|2M

• 6HAE|3M t6HAE14T t6HA_14M _6HAE15T t6HAE15M

FL1T /6HFL1T •6HFLZM /

FL2T /6HFL2 T v6Hr:L2M /

I:L3T /6HFL3T •6HFL3M /

XREFT /6HXREFT •6HXRE_M /

YREFT /6HYREFT t6HYREFM /

ZR_FT /6HZR_FT •6HZREFM /
DENST /6HDENST ,6HDENSM /

HTRTT /6HHT_TT t6HHTRTM /

ETAT /6F_:TA T t6HETAM /

CAOT /6HCAOT _6HCAOM /

CNOT /6HCNOT •6HCNOM /

CYOT /6HCYOT •6HCYOM /

CDOT /6HCDOT t6HCDOM /
CLOT /6HCLOT t6HCLOM /

CHOT /6HCWO T _ 6HCWOM /

CMDT /6HCMrJT t6HCMOM /

DENKT /6_OENKT ,6HDEN_M /

GENVIT/6HGENVIT,6HGENVIM/

GENV2T/6HGENV2T,6HGENV2M/
FMA_ST/6HFMASSTt6HFMASSM/

ZLALPT/6HZLALPT•6HZLALPM/

CAIDT /6HCATOT t6HCAIOM /

WGTIT /6FMGT|T t6HWGT2M /

WGT2T /614_/GT2T •6HWGT2M /

WGTD|T/6F_GTD|Tt6_WGTD]M/

WGTD2T/6HdGTD2T,6HWGTD2M/

I
2

3

4

5

6

7

8

9

0

A
B

C

D

E

/6HTXXT t6H][XXM

,6HT_M t6HZYZT
,6HC ADET ,6HCA r_E'.M

• 6HCAF2M t6HCAF3T

• 6HCDDP T •6HCDDR M

• 6HCDF3M _6HCLDAT

t6HCLFllT t6HCLFI_M

DATA MOTEL6

,6HTXYT ,6HIXYM t6HTXZT •6HIXZM tbHIVV. T

tbHIYZM t6HXZZT 9 6F_T ZZN t6HCADAT ,6HC A_AM

t6HCADRT t6HCADRM t6HCAF_T t6HCAF1M ,6F_CAF_T

t6HCAF3M t6HCD_AT t6HCDDAM •6HCDDET _6HCDDFM

• 6HCDF|T •6HCDF|M •6HCDF2T •6HCDF2M •6HCDF3T

• 6HCLDAM •6HCLDET •6HCLDEM •6HCLDRT _6HCLDRM

• 6HCLF2T •6HCLF2M •6_CLF_T •6HCLF3M _6HCLLF_T
• 6HCLLBM •6HCLLDAT,6HCLLDAM,6HCLLDET•6HCLLDEMt6HCLLDRT,6HCLLDRM

• 6HCLLF1T_6HCLLF IM_6HCLLI:2T•6HCLLF2M• 6HCLLF3Tt6HCLLF 3M,6HCLLOT

• 6HCLLOM ,6HCLLPT t6HCLLPM •6HCLLRT •6HCLLRM •6HCMDAT t6HCMDAM

t6HCMDET •6HCMDEM t6HCMDRT _6HCMD_M •6HCMF?T •6HCMF|M t6HCMF2T

t6HCMF2M t6HCMF3T •6HCMF3M t6HCMOT t&HCMOM t6HCNDAT t6HCNDAM

t6HCNDET •6HCNDEM •6HCNDRT t6HCNDI_M _6HCNFI_T t6HCNFIlM t6HCNF2T

• 6HCNI:2M t6HCNF3T t6HCNF3M t6HCWDAT tbHCWDAM t6HCW[3ET t6HCWD._M

t6HCWDPT e6HCWDRM t6HCWF|.T •6HCWF_M _6HCWF2T •6HCWF2M t6HCWF_T
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C

F t6HCWF3M ,6HCWPT ,6HCWPM t6HCWRT t6HCWPM ,6HCYDAT ,6HCYDAM

G ,6HCYDET ,6HCYDEM ,6HCYD_,T ,6HCYDRM t6F_CYF1T t6!4CYF|M t6HCYF2T

H t6HCYF2M t6HCYF3T 96HCYF3M

! /
r)ATA MOT B L'/

| /6HAYBCT t6HAYBCM _6HAZBCT t6HA7BCM t6HCKAT t6HCKAM t6HCKET

2 t6HCKFM t6HCKRT t6HCKRM t6HCKAPT t6HCKAPM _6HCKAYT t6HCKAYM

3 t6HCKDRT t6HCV, DRM ,6HCKDPT t6HCKr)PM _6HCKDYT t6HCKDYM t6HCKRRT

4 t6HCKRPM t6HCKRPT t6HCKRPM t6HCKRYT t6HCKRYM t6HFXBPJTt6HFXRPJM

5 t6HFYRPJTt6HI=YRP.IMt6HFZBPJTt6HFZBPJM _6HCKASPTt6HCKASPM t6HCKASYT

6 t6HCKASYMt6HRMPJT t6HPMPJM t6HPMPJT t6HPMPjM t6HYMPJT t6HYMPJM

? t6HRRJIT t6HRRJIM ,6HRYJTT ,6HRYJIM ,6HPPPJZT,6HPPPJ]Mt6HPNaJTT

B t6HPNPJIMt6HPYJZT w6HPYJZM t6HPRJZT t6HPRJIM t6HYYJ|T t6HYYJIM

9 t6HYRJ]T t6HYRJJM t6HKHT t6HKHM t6HKHDT t6HKHDM t6HHPT

t6_q_PM t6HDtPT t6HDPM t6HRMRJT t6HRMJP, M t6HPMRJT t6t'mMRJM

A t6HYMRJT t6HVMRJM t6FJCHAT t6HCHAM t6HCH[_r t6HCHEM t6HCHI_T

B t6HCHRM I&HCHF|.T t6HCHF|M t6HCHF2T t6HCHF_-M t6HCHF3T t6F4C_F3M

C /

DATA GENIT

DATA GEN2T

DATA GEN3T

DATA GEN4T

DATA CENST

DATA GEN6T

DATA GEN?T

DATA G_NST

DATA G_NqT

/6HGENXT t6HGEN|M /

/6HGEN2T ,6HGEN2M /

/6NGEN3T t6HGEN3M /

/6HGENAT e6HGEN4M /

/6H_ENST t6HGF_SM /

/6HGEN6T t6HGEN_M /

/6HGEN?T t6HGEN?M /

/6HGENST _6HGENQM /

/6HG_NOT _6HCEN_M /

DATA _ENI_T /6HGENIOT_6H_EN|OM/

DATA GEN|IT /_HG_NI|T,6_GEN_|M/

DATA GEN_T /6HGEN_T,6H_EN|_M/

DATA GEN_3T /6HGEN_To6_GEN_M/

DATA G_N_T /6HGEN_&T_&HG_N|4M/

DA_A GEN|5_ /6HGEN_ST,6HGE_SM/

DATA G_N_6T /6H_N_6_,6HGEN|6M/

DATA GEN_TT /6HG_N_TT_6HC_N_TM/

DATA CEN|_T /6HG_N|_Tt6H_EN_M/

_ATA GEN_gT /6HG_N_gTt6HGEN|gM/
DATA C_N20T /6HGEN_OT_6HCEN_M/

DATA G_N2|T /6HG_N_Tt6HG_N_|M/

DATA GFN22T /6HG_N_2T,6HGEN_M/

DA_A GEN_3T /_HGEN_T,6HGEN_M/

DATA G_N24T /6HG_N24Tt6H_N24M/

DATA GEN_ST 16HGEN25Tt6HGEN25M/

DATA DELF|T/6HD_L_|T,6HDEIF|M/

DATA DELF2T/6HDELF2T,6HDELF_M/

DATA DELF3T/6_DELF_T_6HDELF3M/
DATA RRDCT /6HRRDCT t6HqRDCM /

DATA PBDCT /6HPBDCT _6HPMDCM /

DATA Y_DCT /6HY_DCT _6HYBDCM /

DATA ROVET /6HROVET t6HR_V_M /
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C

C

C

C

C

DATA CKAAPT

DATA CKAAYT

DATA CKLAYT

DATA CKLAPT

DATA CKLVPT

DATA CKLVYT

DATA CPAYRT

DATA CPAZRT

DATA CPNXRT

DATA CPNYRT

DATA CPYXRT

DATA CPYZRT

/6HC K AAPT t 6HCK AAP M/

/6HCK AAYT t 6HC KAAYM /

/6HCKLAYT t6HCKLAYM/

/6HCKLAPTt6HCKLAPM/

/6HCK LVPT • 6HCK LVPM/

/ 6HC K LVYT t 6NC K LVYM/

/6HCP AYRT ebHC PAYRM/

/6HC P AZRT • 6HC P AZP M/

/6HCP NXR T • 6HC PNXR M/

/6_C PNYRT •6HCPNYRM/
/6HCP YXR T • 6HC PYXP M/

/6HCP YZRT • 6HC PYZRM/

I

2

3

4

5

6

7

8

9

0

A

B

C

D

E

F

G

H

I

DATA MOTXC 1

/6HALTREFt6HLATREF •6HL_INREFt6HAZREF

t6HAZNB •6HAZL t6HLATL

t6F_ETAPC| t6HETAPC2•6HETAPC3
t6HGINT3 t6HGINTA ,6HCINT5

t6HGINT |Ot6HGO t6HGXPl

• 6HGXP6 •6HGXP7 •6HGXP8

• 6HGXP|3 t6HGXP|4 t6HGXPI_

t6HGYP5 w6HGYP6 •6HGYP?

t6HGYP|2 t6H_Y_)_.3 •6HGYP|4

t6HGZP4 •6HGZP5 •6HGZP6

• 6HGZP|| t6HGZP]2 •6HGZP]3

•6HHFATK3•6HALTITO•6HISPVI

t6HISPV6 _F_HISPV7 •6HISPV8

• 6HI SPV13t6H ISPV|At6H ]SPV115

•6HTINREF•6HATMSK]

• 6HLflNL t 6HCLCI)MX•6HDETA

• 6HETAPC4 • 6H_r TA •6HGTNT]

t6H_.VNT6 •6HGIN_? •6HG.tNT8
t6HGXP2 • 6HGXP3 •6HGXP4

• 6HGXP9 • _HGXP][O •6HGXP][ |

t 6HGYP1 • 6HGYP2 • 6HGYP._

• 6HGYP8 e 6HGYI_9 •6HGYPIO

• 6HGYP|5 •6HGZP1 •6HGZP2

• 6HGZP? t 6HGZP8 •6t-IGZ P9

t6HGZP14 •6HGZP]S •6HHEATK][

• 6HX-_PV2 t6HISPV3 •6HXSPV_

• 6HISPV9 ,6HXSPV|O•6HISPV11

• 6HJ_ ) t6HJ3 •6HJ4

• 6HMU •bHCt_EGA •6HP._L •6HPWPROPt6HRHOSL •6t_RN

• 6HRP t6HSRE._ t6HTSL •6HWGTSG ,6HWJFTT •6HWPLD

t 6HWEICON •6HXR_F t6HYREF t6HZRFF t6HAEI_ •6HCINF

_6HI ENGAI _6H IENG A2 •6HI ENGA3,6H I ENGA4 • 6HI ENGA S• 6HIENGA6

/

DATA MOTIC2

/6HIENCAB _6HIENG Aq,6HIFNGAI _6H IENGA] • 6HI ENGA I t6HIENGA!

• 6 _'IENGAI •6H IENGT! •6HIE NGT2,6HIENGT3 • 6HI ENGT6_ 6HIENGT5

• 6HI ENGTT, 6H IENGT8 t 6HIENGTg,6H !ENCT! t6HIENGT I_6HIENGTI

1

2

3

4 •6HIENGT]t6HIENGTI,6H-_WPF] ,6HIWPF2

5 t6HIWPF6 t6HIWPF7 ,6HIWPF8 ,6H!WPr9

6 t 6HIWPF_ 3t6N IWPF | 6_6H IWPF ]St6HNENG

T •6HNPC| t6HNPC2 t6HNPC_ t 6HNP_4

t6HNI)C8 •6H_PC9 t6HNPC| 0 t 6HNPC_ |

9 t6HNPCI_ •6HNPC|6 t6HNPCI? •6HNPC18
0 •6HNPC22 t6H._C23 t6HNPC26 •6HN_C_.5

A t61_NPC_9 ,6HNPC30 •6HNPC31. t6HNPC32

t6HNPC36 t6HCPNX RDt6HCPYXRD

C /

•6HIWPF3 t6HIWPF4

,6H)WPFIO,6HIWPF)!

,6HNEQSI ,6HNEOS2

• 6H_PC5 •6HNPC6

• 6HN PC| 2 t6HNPC| _

t 6HNPCI 9 t6HNPC20

• 6t_NDC26 t6HNDC2?
t6HqPC33 •6HNPC._6

• 6HA TMSK 2

•6HDFSN_

e6HG INT2
•6H(;INTQ

,6HGXP5

t6HGXP12

•6HGYP6

t6F_YP11

t6HC-Z P3

_6HGZPIO

• 6HI"tE ATK 2

t6HXSPV5

• 6HI SPV1 2

_6HLREF

,6HRF

_6HWPROP !

•6_V!NFI

•6HIENGA?

•6HIENGAI

•6HIENGT6

,6 HI _NGT 1
•6HIWPF5

•6HIWPF! 2

_6t._ECS3

,6HNPC?

•6HNPC]4

•61_PC28

•61"_1PC35
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C

C

C
C

| /6HCRRNG

t6HIPANGE
3 /

I

7_

B

6

5

6

7

9

O

A

B

D

D

1

Z

B
4

5

6

7

B

9

0

A

n

D

E
F

G

H

I

DATA RANGEC

t6HDPRNGI,6HDPRNG2,6HDWNRNGt 6HX ISAV|,6HXISAV2 t6HX 1SAVB

DATA RMOTIC

/6HHMAMX t6HHMFMX t6HHMRMX t6HARFFL t6HEREFL t6HRREFL

t6HDEMAX t6HDRMAX t6HDADMAXtbHDFDMAXt6HDODMAXt6HDAMIN
t6H1)PMIN t6HD_.LAACt6HDFLEACt6HD__LRAC,6HDIPM. 1 t6_DIPM2

,6HDIDM6 ,6HDIPM5 ,6HDIPM6 ,6HDTPM7 ,6HflIPM8 t6HDIPM9
t6HDIPM11 t6HDIPM |2t6HDZPM13t6HD_PMI4 _ 6HD IPM! 5,6HDIYM|

t6HDZYM3 t6HDIYM4 t6HDIYM5 ,6HDIYMt} t6HDIYM't ,6HDIYMB

_6HDIYM1Ot6HDIYM 1 lt6HDIYMI?t6HDIYM|3,
t6HDREFP ,6HDREFY t6HEN_F| ,6HENC-,F2 ,

t6HENGF6 ,6HENGP7 _6HENGFQ ,6HENGF9 ,

t 6HENGFI3t6H_G_ 14 t6HENG_ 15,6HNAUTPP t

t6HRENG3 t6HRENG4 t6HRENG5 •6HRFNG6 •

• 6H_, ENG|O,6H_ENG _ | t6HRENG|2•6HRENGI3 •

6 HFRE FL2,6 H FR EF L3 • 6HFHM AX | • 6_ FHt4AX? •

•6HOAMAX
t6FOEMIN

,6HOIPM3

•6F_IPMIO

,6FOIYM2

,6F_IYMq

• 6HDPHP t6HDPSY ,6_DPHY
l

6HD ZYM|At6HDIYM|5•6HDREFR

6HENri:3 t6PENGF4 t6HENGF5

6H_ NGF 10,6H ENGF 11 • 6H_ NGF 1 2

6HN_UID F,6HRENG1 •6HR ENG2

6HRENG7 •6HPENG8 •6HRENG9

6HR _NG] 4•6Hg_NG 15 •6HFRffFL |

6HFHMAX3•6HIA EROH •6HDTHP

DATA MOTVC 1

/6HAMXB •6HAMYB •6HAMZB •6HASM •6HASMG •6HATEM •6HAXB

t6HAYB _6HAZB •6HASXI •6HASY! ,6HASZI •6HAXI •6HAYI

t6HAZI t6HCA •6HCN •6HCD •6NCL •6HCN •6HCY
t6HCW t6HCS

• 6HO FVLH_ •6HGAMAD

• 6HDWA ,6HVELAD

• 6HFAYB •6HFAZB

t6HFVAL3 ,6HGAHM AA

,6HH • 6 HHTUR P

• 6HGDLAT •6HLONG

_ 6HPWDOT t 6HDYNP

• 6HRS •6HTHRUST_ 6HTIME

,6HTTMYB t6H_rTMZB •6H'_VAC

_6HVA •6HWA •6HV_LA
• 6HVB _6HWB t_HVELI

_6HVRXI •6HVRYI •6HVPZ. t

• 6HVWYI t6HV_Z_ •6HVXI

,6HDFVAL | • 6HOFVAL2,6H1) FVAL 3,6_OFVL HI

• 6HAZVAD •6HDMASS •6HHEATRT•6HDUA

_6H_VWH| _6HDVWH2 •6_DVWH_ t6HETAL

• 6HFTX_ ,6HI:TY_ e 6HF TZB ,6HFVAL ]

•6H_AMM AI •6HGAMMAR •6HGX I •6HGYI

•6HHTUR BD•6HAZVELA _6HAZVEL 1,6_AZVELR

•6HtONCI • 6HMACH t 6HMASS •6HPJETTS

• 6HQA L PHA t 6HTL HE AT • 6HGCRAD

t 6HWJETTMt6HWPROP •6HXCG

l
DATA

! /6HZI ,6HDCLV •6HDCDV

2 •6HA E6 •6HAE5 t 6HAE6

6 • 6._W D._ •6HWD4 •6HW_5

5 t6HWDIO •6HWO | 1l t6HWD12

6 t 6HTHR_ • 6Hll"IR3 t 6HTHR4

,6HDENS

,6HTMX_ _ 6HT MYB • 6HTMZB

t6HU •6HV t6HW

,6HVAXI _ 6"VAYI •6_VAZI

6HUR • _HV R • 6HWR

t6HUW • 6HVW •6HWW

• 6HWI •6HVZI •6HWDOT

t6HYCG •6HZCG t6HXZ

,6HDFVLH2

,6HDVA

•6HFAXB

•6HFVAL2

• 6HGZ I

•6HGCLAT

•6_PRES

•6HTTMXP

t6HUA

•6HUB

•6HVFLR

• 61"_VWX !

• 6HWE 1C,HT

,6HY I

MOTVC 2

• 6HVINV •6HAE] t6HAE2 •6HAE3
• 6taAE? •6HAEB •6HA_9 _6HAEIO

• 6HAEIA t6HA_|5 _6HWDI •6HWD_.

• 6HW._6 _ 6HWD'_ _6HWDR •6HWD ._

•6HWDIB •6_WD_4 t6HWDI 5 t6HTHP |

• 6HTHR5 •6HTHR6 •6HTHR? •6HTHR_
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C

C

C

"f t6HTHIR9 t6HTHR1 0

8 •6HZSV •6HPFYND

9 •6HC AA t 6HCAP_

0 t6HC WO t6HCYB
A /

1
2

3

4

5

6

7

8

9

0

A

B

C

D

E

F

G

H

Z

1

2

3
4

5

6

7

8
9

O

A
fi

C

D

E

f:

G

H

I

t6HTHR|| •6HTHR]2 t6HTHR.|3 t6HTHR|4 16HTHR|5

_6HVMU t6H_DA t 6HCDO t6HCLA _6HCLO

• 6HCMA t6HCMO •6HCNA t6HCNO t6HCWB

•6HCYO

/6HT XX t6HIXY

• 6HIZY •6HXZZ

t6HIYZD t6HXZXD

• 6HYAWB •6HROLB

• 6 FrrHRXBA•6H1]-IRX

• 6HTHRX ][1 •6H_HRX

t 6HTHRY_3 t 6H1HRY

t 6HTHRY|O t 6HI_tRY

• 6HTHRZB2 •6H_HI_Z

• 6HTHR ZB9 •6H_HRZ

• 6HR OLRDR •6HPI TR

• 6HK PDE • 6H_PD_

• 6HOELR t6HDELR

_6HD_P3 •6HD_P4
• 6HD I_I0 •6HDEPI_.

• 6HOEP02 t6HO_ Pt3

t 6HDEP09 t 6HDEPO

• 6HO_YI •6HDEY2

/

DATA RMolrvl

t6HIXZ t6HZYX • 6H][ YY •6HIYZ •6HIZX
t6HIXXD •6HIXYD t 6HIXZD •6HIYXD •6HZYYD

t6HIZYD _6HIZZD t 6H_ $YN6 t6HROLB •6HPITB

DD • 6HPITBDD •6HYAHBDD _ 6HTHP_B | t6HTHRX B2 t6HTHP.XB 3

B5 t6HTHP X B6 • 6HTHRX B? • 6HT HPX B 1tt 6HTHRX B9 _6 HTHRX | 0

][2 •6HTHRX 1._ • 6HTHRX ]4 • 6HTHI_X ] 5 t 6HTHRY B | t 6HTHRYB 2

B4 • 6HTHR Vl_ 5 • 6HTHPY B6

11 • 6HTHRY| 2 _ 6HTHRY _ 3

B3 • 6HTHRZ B4,6HTHR ZB 5

][0 •6 HTHRZ ][ 1 • 6HTHR Z ][2
DR t6HYAWRDR•6HKRDA

• 6HKYDA •6HKYDE

• 6HDL EAO t6HDF |._0

• 6HDEP5 t6HD_P6

I •6HDEP|2 •6HDEPI3

3 •6HD_PO4 •6HD_PD5

10 •6HDE P011 • 6HDE PO][2

t6HDEY3 •6HD_Y4

DATA RNOTV2

,6HDEY|O •6HDFY][|

• 6HDEY02 •6HDffY03

• 6HDEY09 •6HDEY010

/6HD EY8 t6HDEY9

• 6HD _l_f15 •6HDEYO ][

• 6HOEYO'r t6HD_YO R

• 6HDEYO_4• 6HDEYO | 5 •6HKRDP | t6HKRDP2

• 6HKPDP6 •6HKRDP'_ t6HKRDP8 t6HKRDP9

• 6HKRDPI3 •6HKRDP 14•6HKR._P ][ 5_ 6HKPDP|

t6HKPDP5 •6HKPD,°6 t6HKPDP? _6HKP_)P,q

• 6HK POP 1.2 •6HKPDP 113 _6HKPDP 1_4•6Ht(DDP ][5
• 6HKRDY4 •6HI_RDY5 •6H_ROYh •6HKRDY?

• 6HKP.DYI 1 t6HKRDY | 2 t6H_PDY|3• 6HKRDY|4

,6HCLD_ ,6HCLL

• 6HCW_ t6HCLLO
t6HCLLP t6HCDF|

_6HCAF| •6HCAF2

t6HCWF3 •6HCLLF][
L3_6HF_GRLAt6HENCRL5

IOt6HENG_II_6HENGR][2

DATA RMOTV3

• 6HRND •6HKYDYI

6HKYDY7 •6HKYOYR

• 6HCHDR t6HCDD_

_6HC_E •6HC_P

• 6HC LLD_ •6HCLLR

• 6HCLF2 ,6HCLF3

• 6HCNF3 •6HCYFI

• 6HCWF][ •6HCHF_.

• 6HE NGRL2 •6HEt_GR

• 6HE NC,RLg• 6HFNGR

/

1 /6HPNO •6HQND

2 •6HKYDY5 •6HKyrJy6

t 6HT HI_Y B't _6 HTH .RY B R _6HTHt_Y_ 9

• 6HTHRY 1 6•6HTHI_Y 15 •6HT HPZ F 1

• 6_T HRZP, 6 _6 HTHRZ P,'_ • 6HTHRZ_ 8

• 6HTHRZ|3t6HTHRZ|4t6HTHRZ][ 5

t 6HK RDI_ •6HKI_ DR t6HKPDA

• 6HK YDR t6HDELA t6HDFLE

t6HDFLRO _6HDEP| •6HDEP2

t 6HDI_P'/ •6HDEPR t6HDEP9

t6HD_P14 _6HD_P15 •61"fDEpO][

,6HD__PO6 •6NDEI_D? t6t-_ElaOfl

6HD _PO 13 •6HD__PO 14 _ 6HDFPO1 5

t6HDEY5 •6HDEY6 t6HDEY?

t6HDEY12 _6HDEY13 t6HDEY14

• 6HDEY04 ,6HDEY05 ,6HD_Y06

• 6HD_Y011 •6HDEY012 _6H_FY01

t6HKRDP3 •6HKRDP4 ,6HKR_P._

t 6H_ RrJP| O•6HKRDP| | •6HKI°DP 1.2

• 6HKI>DP2 •6HKPDP3 _6HKPD°4

e_HKPOPq _6HKPDP¿O_6HKP_D||

• 6WKRDYI •6HKRDY2 _6HKPOY3
• 6HKODYR _6HK_DY9 t6HKRDY_O

_6HKRDY 1 5 t6HCHDA _6HCHDE

a6HCYDR •6HCYDA _6HCYDE

• 6HCLLB •6HCL LD_ t6HCL Lf_A

• 6HCDF2 _6HCDF3 •6HCLF|

• 6HCAF3 •6HCNFI •6HCNF_

• 6HC Ml_][ t6HCNF2 •6HCNF3

t6HCLLF2 •6HCLLF3 _6HENGRL|

,6HENGRL 6t6HENGR L7,6HENG_ L F_

,6HENGR 13•6HENGR¿_,6HENGR| 5

t6HKYDY2 •6HKYDY3 t6HKYDY4

,6HKYDY9 •6HKYDYIOt6_KYDYI I
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C
C
C

3
4
5
6

1
2
3
4
5
4

t 6HK YDYI 2 t6HKYDY 13 t6HKYDY14 _6HKYDYI 5 t 6HF TI_B 1 t 6HFTTXB2 t 6HF TTXB 3
t6HRCSMXRt6HRCSMY_ t6HRC _MZ8 t 6H_C._FX_ t 6HR C_FYB _6HRC._FZB t6HDELF!
t 6HOELF? t6HDELF3
/

DATA RNOTV4
/6HCADA t6HCADE t6HCADR t6HCDDA
t6HCNDA t6HCMDR' t6HCMO t6HCNDA
t6HCWDF t 6HCWOD, t6HIAEROHt6HCPAYR
t6HCPYXR t6HCPYZR t6HMI_P| t6HMISP2
• 6HM I.¢Y3
/

DATA PHZVCI
1 /6HALTMAX•6HALTM IN,6HMAXTXMt6HEVTF
2 •6HP ]rF •6H_4
3 /

t6HCDDR •6HCLDA •6HCLDR
• 6HCNDE •6HCNDR •6H_WDA
• 6HCPAZR •6HCPNXR t6HCPNYP,
•6HMT_P3 •6HMISYI_ •bHMISY2

,6HFESN •6HIESN ,6HPHZF

DATA SAUTOI
I /6HHAAP •6HHAAY •6HHACP][ •6HHACP2 •6HHACP3 •6HHACY] •6HHACY2
_. t6HHACY'5 •6HH[1AAP|•6HHDAAP2•6HHDAAP3•6HHDAAYI•6HHDAAY2•61_DAAY3
3 •6HHD_PA|•6HHD,_PA2•6HHD_PA_•6HHD_YA1 •6klHO_YA2t6t_HDSYA3•6HHDSP]
4
5
6
7
8
I

C

C

C

1
2
3
4
5

C
C
C

t6HHDSP2 •6HHDSP3 t6HHD_R! •6HHD_R? •6HHDSR3 •6HHDSY| •6HHDSY2
• 6HHDSY3 •6Nt_Ra| t6HNLRPO •6HHLPYI •6HHLRYO •6HHPA •6HHPD
• 6HHPR •6Ht'RD _6HHRR •6HHRTPI t6HHRTP_ •6HHRTP3 •6HHRTR1
• 6HHRTR2 •6HHRTR3 •6HHRTY| •6HHRTY2 •6HHRTY3 •6HHSPA •6HHSVA
t6HHYA •6HHYD •6HHYP
/

DATA SPECAI
/6HSPECII t6HSPEC I2•6H¢_PF.CI3•bHSPECI4• 6HS PECISt6HSPEC 16•6HSPECI 7
_6HSPFCIR•6HSPEC IO•6H_PFCVI •6HSP__CV_t 6HSPcCV3t6HSPECV4 •6HSPECV5

6HSP_rCV6•6HSPECV7•6HSPECV8 •6HSPFCV9 •6HNSP__C I•6HN_PEC2 •6HNSPFC
• 6HNSPEC4•6HNSPEC5 •6HN __P_C6
/

DATA TGOVC !
1 /6HFUXN| t6HFUXN2 •6HFII_XN3 t6HFIIXN4
2 •6HIcUXNR •6HFUXN9 •6HFU_.PI]Ot6HPCTGO
3 t6H_AVE4 t6HSAVF. 5 •6H_AV_6 •6HSAVF7 •
A • 6HSAVE_| • 6HSAVE 12•6HSAVE |3• 6H_AV_ 14 _
5 •6HSAVE|R_6HSAVE|Q•6HSAVF2Ot6HSAVF_1•
6 • 6HS AVE25 •6H ¢_AV_26 •6HC3AV_?? • 6H_AVF?R •
7 t6HSAVE32•6HSAVE33•6HSAVE34•6HSAVE35•
8 •6HSAVE39•6HSAVE40•6HSAVE41t6HSAV_42_
q
0

• 6HFUXN5 t6HFUXN6 _6HFUX_7
t6H_AVE| •6HSAVE2 •6H_AVE3

6H_AV_8 •6HSAVE9 _6HSAVr_O
6HSAVEI 5•6HSAVE!6 •6H_AVE_7
6HS AVE_t6HSAVE23 •6HSAV_24
6H_ AVT:_2 O • 6H SAVE 30 t6HS AVE"3 1
6HSAVE36•6HSAVE37 •6HSAV_3P
6HSAVE4 3•6HSAVE44 •6HSAVE45

_6HSAVE46 •6HSAVE47,6HSAVE4R•6HSAVE49_ 6HSAVESO•6HSAVESI •6HSAVE.52
_6HSAVE53•6H_AVE54 t6H._AVE55•6HSAVE56 • 6H5AVE57•hHSAVE58 •6HSAVFSO
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C
C
C
C
C
C
C

A t6HSAVE60•6HSAVE6|•6HSAVE62•6HSAVE63•6HSAVE64t6HSAVE65
B •6HS AVE67 •6H SAVE6R •6HSAV_6Ot 6H SAV_?O e6_TG 0 •6HT|MX
C •6HJ FVNT1 •6H ZEVNT2 e6H IFVNT3 •6H _FVNT4 _6HI _FVNT5 •6H IFVNT6
D •6HI_VNTRt6HIEVNT9t6HIEVN|Ot6H]SZEV •6HIXEVT •6HI._
E t6HSAVEI|_6HSAVEI2t6HSAVEI3t6HSAVEI4t6HSAV_ZSt6HSAVEI6
F t6HSAVEISt6HSAVEZg•6HSAVIlOI6HSAVIl|•6HSAV]|2•6HSAVI13
G •6HSAVI_St6HSAV!|6t6HSAVZI?t6HSAVT_P•6HSAVZ19_6H_AVI20
H t6_ISAVZ22•6HSAVI23•6HSAVI24•6H._AVI25•6HSAV]26•6HSAVI27
I /

DATA TGOVC2

•6HSAV_66
t6H_. SN
•6HZFVf_T?
•6HDVALUF
•6HSAVEI'/
•6HSAVT_4
• 6HSAVI2 |
•6HSAV!21_

| /6HSAVI29t6HSAVI30t6HSAVI3|t6H_AVI32•6HSAVI33t6HSAVI3 z*t6H._AVI35
2 • 6HSAVI36_ 6HSAVZ-_?t6HSAVZ3R t6HSAV_39 • 6HS AVI40
3 /

DATA GU_Dt!
! /6HTIMEG •6HTIMEA t6HGTIMFIt6HGVRI1 t6HGVRI2 ,6HGVRI3 •6HGVRI4
2 t6HGVRT5 t6HGVRI6 t6HGVRI'7 •6HGVRIR t6HGVRI9 •6HGVRI|Os,6HIGrl
3 •6HIGF2 t6HIGF_ t6HICF4 •6HI,F5 _6H|GF6 •6HIGSTRT •6H!GINIT
4 •6HROL ZDL•6HPITZDL _6HYAWIDLt6HROLZNL _6HP ITINLt6HYAWINL _6H_,OLIPL
5 •6HPZTZPL•6HYAHIPLt6HYAWPKI•6HYAWPK2t6HROLBC t6HPITBC •6HYAW_C
6 t6H_TP. ANSt6HISLECT•6HI._TRT •6HTLATCDt6HTL_NGD•6HRAZD t6H_TINE2
T •6HISTARTt6HPTTC F| t6HPITCF2t6HPITi'F3 _6HP ITCFAt6HPITCF5 t6HNPITC
8/

DATA GUIDVI
|/6HGDT •6HADT •6HGPXZ •6HCDYI •6HGPZI •6HGPVXI
?_6HGPVZI _6HGPAXI t6HCPAY_ _6HGPAZ_ t6HGALPHA•6HGEETA

6HGPVY I

6HGEANK
6HGYANI •6HGP]TI •6HGASM
6HGWGT •6HGWDOT t 6HGVRC 1
6"GVRC6 •6HGV_C7 _6HGVRC8
6HG_CLAT •6HGAZVR t6HGVELT
6HGR D_T _6HGXR _6HGYR

3t6HGYAWR •6HGPITR •6HGROLR •6HGR_L! •
4t6HGP ASX ! •6HGPA SY I •6HGPAS Z I • 6HGTH_ST•
5•6HGVRC2 •6HGVRC3 t6HGVRC4 t6HGVRC5 •
6•6HGVRC9 •6HGVRC20•6HGLONG _6HGVFLR •
7t 6HGCAMAR •6HGALTI T•6HGCCR AD t6HCL[3D •
Bt6HGZR •6HALPGC t6H_TGC •6HBNKGC •
9•6HRIDGC •6HY1_DGC •6HP_GC t6HROLRDC_
O•6H_ELAZ t6HDRAGGCt6HDRAGRPt6HLOD1 •
At6HYAWRGCt6HP_RGCt6HROLRGCt6HSLECT t
flt6HVELPZ t6HV_N •6HVffN$
fl/

END

6H_OL IGC _6HYAH IGC •6HPIT IC-C
6HP!TBDC •6HYAHBDCt 6HALDREF
6_*Rt_TRE F _6HRK2ROL_6HTR ANCE
6HHP •6HHDP _6HVELRX
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DINPT: This routine reads the previously stored input data

from the disc and locates the data for the current phase.

REAl) ]'lie INPUT

DATA STORED

ON TAPE I

INTO IGEN

PtlASE?

t YEg
IIII

|SET TIlIS EVENT |

I NUMBER NEC,AT IVE

SO TINE TO GO

WILL NOT LOOK

FOR TUIS EVENT

T--
SET INDEX FOR |

n

ITHE LOCATION OF

TEE NEXT EVEUT

N]_TBER IN IGEE

__SRTH_ sT_EEDTATA )

YES

STORE TttE DATA

FOR Tills EVENT IN

TIIE APPROPRIATE

CORE LOCATIONS

IN CO_ION IV
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DL_K (NAME): This routine sets the core addresses of the

variables (NAME) to be integrated into the integration list.

NAME : 1 = RETURN

#

IS_ = NAME (i)

=

(I) :

N = N + 1 l

LISTI (N) = NAME (I-2) ILISTD (N) = NAME (I-l)

_ NOTE:

G LISTI = INTEGRALS

LISTD = DERIVATIVES

N = I_-MBER OF INTEGRALS
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DPRNG:This routine calculates the range based on the dot
product of the initial position vector of the vehicle and the
impact point vector with the oblate planet.

CO_UTETHE
CURRENTPOSITION
RELATIVETOTHE
ROTAT_]GPLA_FET

COMPUTEDPP@_GI
ANDDP_G2

THERANGEANGLE
GREATERTI_N 180 DEG?

YES

NO

DPRNG2
THEDIRECTION
VEHICLE
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DQUAT: This routine calculates the time derivative of the
quaternion parameters.

DQUAT

COMPUTETHEDERIV-
ATIVESOFTHE
QUATERNIONPARA-
METERS

RETURN
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DR_P: This subroutine drops tight constraints.

NAC .GT. NINDU

NO

REVISE

ICD .EQ. O RETURN

NO

WRITE:

*** CONSTRAINT --- DR_PPED

NORMAL
LOOP

TAKE ALL COMBINATIONS

OF ACTIVE CONSTRAINTS

TO DETERMINE IF THERE

ARE ANY COMBINATIONS

FOR WHICH

NAC .LE. NINDU

UPDATS

RETURN
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DTMDL: This routine checks the user-specified tables to

ensure that the next integration step size is less than or equal

to the next time point in any of the tables.

FIND THE

TABLE ADDRESSES

CALCULATE TIIE

DELTA TIME TO

flIT THE N_XT

POINT IN EACH

TABLE

IF A_ OF TIIE

DELTAS IS LESS

THAN DELT, SET

DELT EQUAL TO
TIIE S_LLEST

DELTA TIME
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DUCAL: This is the main program of overlay (2.5), and calcu-
lates the direction of search by the method specified by SRCHM.

DUCAL

DELTU

CALCULATEDIRECTION
OFSEARCH

RETURN
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DWINDS:This routine calculates the rate of change in the
wind with respect to the altitude above the surface.

DWINDS

NPc(6) : o

#

INCREMENT

ALTITUDE

WINDS

DECREMENT

ALTITUDE

WINDS

COMPUTE

DV%_ (I)

RETUR}[

SET DVW]I(I) = 0

RETURN
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DYNS2: This routine integrates the equations of motion using
the predictor-corrector method.

DYNS2

(DELT- DTSAV):

>

INIT = 1

@
I_ISC : 0

#

INIT = 1

FCPC

DTSAV = DELT

RESTART INTEGRATION
.... IF DELT WAS ClaNGED

IN CYC_4

RESTART II_EGRATION
.... IF A DISCONTINUITY

OCCURRED
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DYNXA: This routine initializes the fourth-order Runge-Kutta
integration scheme.

DYNXA

NPASS= 0
NDISC= 0

DERVI

DYSII

RETURN

SETTEEINTEGRATIONPASS
ANDDISCONTINUITY
FLAGSTO ZERO
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DYI_I: This routine determines which integration schemeis
to be used.

CYCF: 0

L NPC(2)

DERIV

RETURI_

L= ?

I

RETURN
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DYN_II: This routine selects the integration schemeto be
used.

DYNXMI

NPC(2) - 2

Q 0

DYNXA

RETURN

= 0
SELECTTIIE
INTEGRATION
SCIIE_E

NOTE:

DYI_A - FOURTH-ORDERRUNGE-KUTTAINTEGRATION
- LAPLACE'SMETHODOF INTEGRATION
- ENCKE'SMETHODOFINTEGRATION

DYNXB- FOURTH-ORDERPREDICTOR-CORRECTORINTEGRATION
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DYSII: This routine sets the integration list.

#

TURN ON TEE
GENERAL
INTEGRATION

VARIABLES

RO OUT TIIE CORE_

DRESSES OF TEE |

TEGRALS AiR |

RIVATIVES |

SET TIIE N_IBER

OF INTEGRALS TO

ZERO

CALL DL@0K TO SET UP

TIIE LIST OF INTEGRALS

FOR Tills PI_SE

NOTE:

N = TIIE NDq_BER OF INTEGRALS FOR

TIIE CURRENT PI_SE

LISTI = INTEGRALS

LISTD = DERIVATIVES

III-80



FANDE: This routine computes the unweighted target and op-
timization variables.

y
I CALCULATE THE UNWEIGHTEDCONTROL PARAMETER U(1)

TRAJ

TRAJECTORY

GENERATOR

RETURN
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FG_IA(IS): This subroutine calculates the values of PI and
P2 associated with a particular GA_-_in the direction of search
by changing the controls according to the equation

U(I) = U(I) + GA/_IA* DU(I)

SETIC

SETGAMAS
EQUALTOTHE
TRIAL STEPSIZE

IS = 2 CPWS

NO

TRAJ

OVERLAY
IDEB # 0

(2,6)

I

TRIAL CRAStI !
COUNTERS

AISD LOGIC

CALCULATE

PITRY (I)

AND

P2TRY (I)

+
I CALCULATE

PIIIET

+
_SAVE PI, P2, AI_D
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F_PC: This routine contains the fourth-order predictor-
corrector integration algorithm.

TAKEFOURRUNGE-
KUTTAINTEGRATION
STEPSTOSTART
ANDSAVEVALUES

PREDICTFORWARD

DERIV

CORRECT

SIIIFT DERIVATIVE
ANDSOLUTIONRECORDS
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GABDD: This routine computes the maximumstep size in tile
direction of search, ST_.tAX. STP_X is computedas the minimum
step needed to makeone of the inactive inequality constraints
becomeactive. This prediction is based on a linearization of
the inactive constraints.

NDEPV= 0

NO

RETURN

ESTI_[ATESTEP
TOINACTIVE
INEQUALITY
CONSTRAINT
BO_[DARIES

STP_[AXIS TAKEN I

IEQUAL TO TIIE I[INIINfH

OF ALL OF TIIESE STEP-

SIZE PARA_ FETERS
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GMILM{: This routine calculates the flight path angle and
azimuth angle of the atmospheric relative velocity vector.

GMILMI

COI[PUTE VA(1)

111 TIIE G SYSTI_

COMPUTE LM_)A

AND GMIA

CO_IPUTE SINE

M_D COSINE OF

LM[DA M_D GALL&

!
LAIIDA = 0.0

GM[A = 90.0
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GCNTRL:This is a blank routine used for simulating tile
hardware lags and errors associated With implementing the closed-
loop guidance steering commands.

GCNTRL

RETURN
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GE_IIN: This routine finds the minimumof the function y,
given the pairs (X, Y) and the slope at X = 0. If the pairs (X, Y)
are not given, then GEt,fIN generates these pairs automatically.
The minimization is based on approximations to the functions
that are madeusing quadratic and cubic polynomials. The analyti-
cally calculated minimumsof these polynomials are used as esti-
mates to the actual minimumvalues of y.

DYDXI> 0 RETURN

NO

DYDXI= 0

IiIIZE VIA
2 POINTS_m
1 SLOPE

CONVERGED

TESTFOR
CONVERGENCE

NOT
CONVERGED

RETURN
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NI'IIZE VIA
3 POINTSAND
1 SLOPE

CONVERGED

CIIECKFOR
COI_VERGENCE RETURN

BUCKET

IS ]IINE IINI

BRACI;ETED

TIIP:I

IIINI:IIZE VIA
3 POINTS AND

NO SLOPE

CONVERGED

CItECK FOR

COIrVERGENCE
RETURN

FCPiIIN
IIIZE VIA

4 POINTS N_D

NO SLOPE

DETEPdlINE SIIALLEST Y(J)

AND T_IE CORRESPONDING

X(J)

RETURN
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CALCULATE
FUNCTIONSVALUES
FOR3 POINTS

HINITIIZEY VIA
/3 POI_]TS AND NO SLOPE

TIIPH

IIAX = IIIN
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GGUIDI:
equations.

This routine contains user supplied ascent guidance

GGUIDI

USERSUPPLIEDASCENT
GUIDANCEEQUATIONS
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GGUID2:
equations.

This routine contains user supplied reentry guidance

USERSUPPLIED I
REENTRYGUIDANCE
EQUATIONS
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GMAG: This routine computes the magnitude of the gradient
vectors GI(I) and G2(I).

irll

I COI_UTE IIAG-

NITUDE OF

GI(1)

GIIIAG : O

CALL

EP,R_R

CO}_PUTE MAG-

NITUDE OF

G2(1)

RETURN
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GNAV: This is a blank routine that is to be used for simu-
lating the navigation equations for the closed-loop guidance system
being analyzed.
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GRAD: This routine computes the gradients of the penalty
functions (GI and G2) with respect to tile control parameters.

GRAD

SETGAIIASTOi.
A_mDU(1) TO0

SETE(1),
PI, _,_ P2 EQUAL
TOTile N_IINAL
VALUES

INTEGRATETIIE
TRAJECTORY

COIlPUTEGI(I)

'UTETIIE SENSITI
AC_B(1)

COI[PUTEG2(I)
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GP_V: This routine calculates the gravity acceleration vector.

CALCULATETIIE
CONSTANTTE_S

GC_N(1) : 0

#

CALCULATE J 2

TEPJ4S

(2) : 0

#

CALCULATE J3

TEP_,IS

GC_N(3) : 0 =

CALCULATE J4

TEPd IS

CALCULATE

GRAVITY

ACCELEP_ATION

COMPONENTS

RETURN
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GSENSR:This routine is to be used for simulating the inter-
face between the trajectory simulator (real world) and the guidance
sensor (hardware detected) being analyzed.

COlbERTSII_LATOR
VALUESTOGUIDanCE-
SENSEDVALUES
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HINGEM: This routine calculates the aerodynamic hinge
momentsdue to flap deflections.

COMPUTE HINGE MOMENTS

DUE TO AERODYNAmiC

SURFACE DEFLECTIONS

RETURN

111-97



IB_XI: This routine calculates the IB matrix from aero-
dynamic or Euler angles. The IB matrix is used to initialize
the quaternion rate equations.

I COMPUTE THE INERTIAL_
TO ATMOSPHERIC FRAME|

(IA) MATRIX i

[

IBMTXI

IGUID(12)

COMPUTE THE INERTIAL

TO BODY(LB) MATRIX

USING R_LI,YAWIIPITI

COMPUTE TttE INERTIAL

TO BODY (IB) MATRIX

RETURN

-34
COMPUTE THE GEOGRAPHIC

TO BODY (GB) MATRIX

USING YAW'R, PITR, R@LR

I
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IBIITRX: This routine calculates the inertial-to-body (IB)
matrix, based on the guidance (steering) option selected by user
input.

IBHTRX

IGUID(1)

1
< 0 =0 = i = 2

COMPUTE TIIE

INERTIAL

LAUNCH-TO-BOD5

(LB) MATRIX

USING THE

QUATERNIONS

COI{PUTE TIIE

INERTIAL-TO-

A_IOSPIIERIC

(IA) _iATRIX

C_UTE TIIE

INERTIAL-TO-

BODY (LB)

:-_TRIX USING

RCLI, Y_$1,

PITI

CO_UTE TIIE

GEOGRAPHIC-

TO-BODY

(GB) }_TRIX

USING YAWR,

PITR, R_LR

COI,IPUTE TIIE

AT: IOSPIIEP,IC-

TO- BODY (AB)

•tATRIX

I INERTIAL-TO-BODY _ KI'_TUI<;_]
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ICKTAB: This function serves as a flag indicating whether a
table was input, and if input, whether it is a constant table of
value 0.

NO

XBKT(TABLE +2) -- 0

ICKTAB = i I

ICKTAB = 0
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INFXI_: This routine performs the output data processing
functions. It also calls subroutine C_NIC, depending on the conic
calculation option requested by NPC(1).

IPRT : 0

CONVERTTOi_IETRIC
OR ENGLISIIUNITS
IF REQUIRED

RETURN

TIIIE TOPRINT

YES

UPDATEPRINT
TI_

NO

PRINTTIiE
REQUESTED
PARA31ETERS

PBL

III-101



TIHE TOW-RITE
TIIEPROFILETAPE_

YES

I UPDATETHE
PROFILEWRITE
TIIfE

t

I I_ITE TIIE

REQUESTED

PAP,AIfETERS ON

TIIE PROFILE TAPE

I RECONVERT I

TO ENGLISH

OR _IETRIC UNITS

IF REQUIRED

NO
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INFXMI: This routine determines which variables are to be

printed and which variables are to be written on the profile tape.

RETUI_ IPRT = 0 ?

NO

Q M=I, i0D_

IIEADER(71) = TITLE(H)

(!UANTIZE TIIE

LAST PRINT TIIIE

T_[P(1) = ESN * i0

ESNPRT = TE?IP (1) /100

PRNTIC
PRINT TIlE INITIAL

----% CONDITIONS FOR

TILLS PtIASE

I = IRI + IRI

IF [PE(I) = 0]
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YES

©
IF [PE(I-I) = PST_P]

NO

II{l = IRI + 1

J CIIECK PRINT LisT

- - { TEP_II:IATION FLAG

IF [IRI < 198]

OF LINES IN THE PRINT

BLOCK AND TtIE I_VfBER OF

ENTRIES IN TItE LAST LINE

o) :
¢

QUANTIZE TIIE LAST

PROFILE FmITE TI:iE

DETEPCItNE TIIE PARAilETERS

FOR TtlE PROFILE TAPE

kT,ITE TIIE PROFILE TAPE

FILE IDENTIFICATION
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INPUTX: This routine prints a summaryof the input table
data. The variable LISTIN is also checked to determine whether or
not to rewind the output file, which eliminates the listing of the
input data deck.

INPUTX

>

LISTIN : 0

<

REWIND 6

LISTIN : 2

LIST ALL

TABLES FOR

EACII PHASE

RETURN
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INTGRL (LIST, N_i, KEY): This routine initializes the list

of variables to be integrated. The list of variables to be in-

tegrated is called DYNIL. It contains 148 cells that are stored

in subroutine BLKDAT. There are three cells for each integrated

variable, which corresponds to a total of 49 integration variables.

The first cell indicates the total size ofti_e array, the second

cell contains the Ilollerith name of the first variable to be

integrated, the third cell contains the Ilollerith name of its

derivative, and the fourth cell contains a flag to indicate whether

or not to integrate that variable, etc. If the flag is zero, the

variable is not integrated; if the flag is equal to i, tile vari-

able is integrated.

INTGRL is also used to turn the integration of variables on

or off as desired. For example, if _C(II) = i, we wish to acti-

vate tile inequality constraint integrations _.e., tile integration

of FVALI, FVAL2, FVAL3). In this case, subroutine H_TIAL calls

INTGRL as follows to activate the integration:

CALL INTGRL (DYNIL(38), N03, N01)

where:

DYNIL(38) = the position of FVALI in the array DYNIL

NO 3 = fixed point 3, which means that the three

integrals namely, FVALI, FVAL2, and FVAL3,

are to be turned on, since they are in

sequence.

NO1 = fixed point I; this means turn on the

integration of the variables. If the

argument were N00 (fixed-point zero),

the integration would be turned off.
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INTGRL

#0

(9
L=L+3

= 0

®
I = LIST(1)/3

L= I

D_ Q IRI = i,I

LIST (e) = KEY

Q L=L+3

RETURN
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IRTBR: This routine calculates body rates from inertial
Euler angle rates.

IRTBR

CONVERTINERTIAL
EULERRATESTO
BODYRATES
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ITER_: Main program of overlay (2,6). This routine prints
out the iteration summaryas required. The iteration summarycon-
tains all the information relating to the search/optimization
algorithm.

=

t
I t

NO_IINAL TRIAL STEP

WRITE OUT ERRORS INFOPdIATI ON

ITERATION I T i
SU_iARY

NFLAG : 0

#

URITE OUT

DFDC

RETURN
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)[ASSP:
vehicle.

III-ii0

This routine calculates the massproperties of the

I

ICOMPUTE WEIGHT IAS MASS*G_

t
COMPUTE C.G.

LOCATION I

I III

1
i coMptrrE DIFFERENCE |

BETWEEN AERODYNamIC|

REFERENCE POINT AND|

C,G. LOCATION |

COMPUTE DIFFERENCE

BETWEEN ENGINE CIM-

BAL POINT AND C.G.

LOCATION

i ooIFROM TABLE LOOK-

UP

_ • ii i I

COMPUTE MOMENTS AND l
PRODUCTS OF INERTIA

[ i• |

OF MOMENTS AND

PRODUCTS OF INERTIA
[



}_STER: This is the main program of overlay (0,0). It

decides whether to read input data or execute the problem.

MSP]_4

MASTER

INPXM
f

READAT _ READ _D STORE

!I_UT DATA

ERR : 0

>

ERR : 0

EXIT

(INPUT PROCESSOR

PERFORM TRAJECTORY
• COMPUTATIONS AS

REQUIRED

IIl-lll



MINMYI: This routine initializes the targeting and optimiza-
tion parameters.

MINMYI

SETINITIAL
VALUESOF
VARIABLES

WUCAL
CALCULATE
WEIGHTING
VECTOR

RETURN
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HI_YS: This routine contains the optimization executive
logic for the various options that are available. It phases the
various iteration paths by examining various properties of the
objective function and tile constraint manifolds.

V
FLAGS AND SIrART TIlE

I TEP, ATI ON CYCLE

"i
I I NTEC, RATE THE |

NO:fINAL TRAJECTORY I

' @(_o_E_) _oNw_o
NOT CONVERGED

TRAJECTORIES AND

CALCULATE ALL

S ENS ITIVITI ES

:ALCULATE THE DIRECTIOn

}F SEARCII

IS TI|IS AN NO

OPTI?'IIZATION

YES

MINIMIZE TIIE ESTIMATED INET COST FUNCTION, P1

UPDATE TIlE INDEPENDENT I
VARIABLES

C
IIN[MIZE TIlE CON,_TRMN't I

,;RROR FUNCTION, P2 I

UPI)ATE TIlE INDEPENDENT[VAR[ABI,ES
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M_NITR: This routine determines the maximumand minimum
values of the user-specified monitor variables.

I FI_ TIIE I

ADDRESSOF
TIIE MONITOR
VARIABLES

COMPARETIIE

CURRENT VALUE

WITH THE MAXIMUM

_ MINI_HTM VALUES

UPDATE TtIE

MAXIMVM AND |

MINIMUM VALUES |
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M_TIAL: This routine initializes the equations of motion.

MCTIAL

IS THIS TIlEFIRST
INTEGRATIONPASS?

YES

DETERMINE THE

INITIALIZATION

OPTION AND

COMPUTE THE

INITIAL POSITION

AND VELOCITY

PARAMETERS

r_

INITIALIZE THE

IL MATRIX THRUST

INCIDENCE ANGLES

AND THE STATIC

TRIM PARAMETERS

COMPUTE THE

IG MATRIX

COMPUTE THE

ATMOSPHERIC WINDS

INITIALIZE THE

AUTOPILOT

____iCHECK FOR INERTIA
DISCONTINUITIES

INITIALIZE THE I

VEHICLE WEIGHT

PARAMETERS AND

ADD DELTA VELOCITY

IF DESIRED

INITIALIZE THE

GRAVITY
PARAMETERS

TURN ON TIIE

INTEGRATION OF
THE OPTIONAL
INTEGRATION
VARIABLES FOR
TtIIS Pt_SE
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M_TI@N: This routine calculates the derivatives of the
equations of motion.

III-ll6

M_TICN

MASSP

ATMCS

WINDS

COMPUTE ATMOSPHERIC

RELATED VARIABLES

IBMTRX

COMPUTE AERO

ANGLES

14) : OLCM

f II

I

AER¢

AER_HI

PR_P

CHECK FOR

DISCONTINUITIES

IMPUTE

DERIVATIVES

RETURN



N_I_L: This routine initializes the values of all HOLLERITH
variables to the stored values.

STORE THE

I{OLLERITH

VALUES

RETURN
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N_MINL: This subroutine runs the nominal trajectories (one
per iteration), saving core at the beginning of each phase. The
routine also calls TESTto determine if the iteration reference
has converged or failed to converge.

N@MINL

CALCULATEUMAG

NSTEP_<MAXITR

NO

WRITE:
*** ITERATIONLIMIT

CPTIM(J)

J_> I

WRITE:
*** TIMELIMIT
ABOUTTOBE EXCEEDED

MAXITR= 0 SOLVED= 77B ()
V
i

_ NFLAG = -i
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NFLAG# 0 IPRT= 77B

NSTEP# 1 SETIC(NI0)

REWIND2

TRAJ

REWIND2

CALCULATE
PIN,M, P2N_M,
ANDEN_M(1)

CALCULATETHE
NUMBEROFTIGIIT
CONSTRAINTS,NTC
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SRCHM< 4

DISPLY

CALLERROR
(UNUSABLENOMINAL)

SETCONVERGENCE
FAILUREFLAGS

CALCULATETHESINGLE-PENALTY
FUNCTION

P2N_M= PIN_M+ WC_N* P2N_M

'ERLAY(2,

NFLAG= 0
IPRT # 0

IPRT= 77B
REUIND2

SETIC

TRAJ

RETURN

IPRT= 0
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_LGM: This is a blank routine that is to be used for special
open-loop guidance (steering) models. The polynominal coefficients
or angular values to be used by GUIDI can be calculated in this
routine and then used by the user-selected option, based on the
IGUIDarray.
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_LG_M: This routine allows the guidance (steering) option

values determined by the IGUID array to be overridden if a

specified parameter test has been violated by the commanded

angle. For example, the commanded angle of attack can be

overridden if the value of QALPHA exceeds an input limit. This

allows theprogram to follow the limit until it is no longer

violated by the commanded angle.

IGUID

=o__t.
CKECK AERODYUAUIC

M_GLE OVEPdlIDE

LIIIITS

Ch _CI. INERTIAL

ANGLE OVERRIDE

LI?IITS

CIIECK RELATIVE

ANGLE OVERRIDE

LllilTS

RETURN
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_RBTR: This routine performs the transformation from

orbital parameters to rectangular coordinates.

CRBTR

COHPUTE:

PERIGEE RADIUS

APOGEE RADIUS

SEMIMAJOR AXIS

ECCENTRICITY

CIIECK FOR

ELLIPTIC OR

ORBIT

SEMILATUS RECTUM

RADIUS

CO:IPUTE

TP_NSFO_TIONS

FOR ARGV, INC,
_D LM_

[PUTE
!EARTII-CENTERED

INERTIAL POSITIOII

C_IPONENTS

COHPUTE

VELOCITY

]iAGNITUDE

COI_UTE EARTH-

CENTERED INERTIAL

VELOCITY COIIPONENTS

RETURN
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OUTIT: Program of overlay (2, 6). Its function is merely to
call itero, which prints the iteration results.

INT ITERATIONRESULTS
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PAGER(N): This routine determines when a new page is required
prior to printing. The argument is the number of lines to be
printed.

K_UNT= XCUNT+ N

K_{T < NLIIIES?

NO

IF [X_UNT> 500

NO

X_UNT= N + !

YES

<@UNT = i

_IPAGE = NPAGE + i

_ITE NPAGE, EEADER,
ICASE

NOTE: NLINES = 48
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PAXCAL: This routine determines which variables need to be
calculated and how often in the routines AUXFM,CONIC,MONITRand
CALSPE.

PAXCAL

COMPAREPRINTREQUEST
VARIABLESWITHCALCULATION
SETVARIABLES

MATCH SETFLAGSOTHATVARIABLE
IS CALCULATEDAT PRINTTIME

COMPAREEVENT(CRITR), TABLE
ARGUMENTSANDMONITORVARIABLES
WITHCALCULATIONSETVARIABLES

NO
SETFLAGSOTHATYES

MATCH IS CALCULATEDAT EACH
INTEGRATIONSTEP

ARETHEREANYMONITRVARIABLES
YES

SETFLAGSOTHAT
MONITRIS CALLED
AT EACHINTEGRATION
STEP
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PBL_CK(N): This routine generates a summaryprint block
for the option requested by the argument N.

PBL_CK

PRINT
CONIC
BLOCK

N= ?

= 2

PRINT
TRACKER
BLOCK

PRINT
VELOCITY
LOSSES
BLOCK

PRINT
VACUUM
I_ _CT
BLOCK
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PGM: This routine determines the direction of search when
the projected gradient method is used.

UPDATS

IF:
@PT= 0

INTRYI# 0
INTRBL# 0

DR_P

®
THE NUMBER OF ACTIVE

CONSTRAINTS LT THE
OF INDEPENDENT VARIABLES

COMPUTE LEAST-SQUARES

DIRECTION OF SEARCH

COMPUTE

G2 (I)

I IF THERE ARE I

ANY ACTIVE

CONSTRAINTS

CQM_.UTE P2
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w -,_YES_
._flF THE CONSTRAINTS_._

"--_ARE NOT SATISFIEDJ

COMPUTE THE COSINE OF

THE SINGLE BETWEEN

GI(I) and PGI(I)

GIVEN BY CTHA

HAKE DAVIDON RESTART

TESTS ON THE PARAMETI

NACS, AND NAC

COMPUTE THE

PROJECTED

GRADIENT, PGI(1)

COMPUTE

RETARGETING

DIRECTION

OF SEARCH



PH_.I: This routine is the executive routine for overlay

(2,3). It controls the integration of the equations of motion

and determines whether the parameters _XTI_I, ALT_tIN, or ALTMAX

have been exceeded; if they have, the trajectory is terminated.

YES

PAGER

Y_sri_ . >_Q
_i __ ALTM_NI)

PAGER >

,NO

PAGER >
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YES
IF[EVTF = 0]

NO

IF[EVTF = I]

NO

TG_F_[

x

IGUID(14) : 2

YES
RETURN

CLGM

CYCXM

IF[EVTF = 0]

NO

DYNXM

INFXM

AUXFM

IF[EVTF = O]

IYES

IF[EVTF = 2]

NO

INFX_,[

EVTF = 0
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PHZXHI: This routine is the executive program of overlay

(2,2). It performs the executive function for the phase initial-

ization process.

PIIZXMI

IS NPC (18) SET TIlE
" TRAJECTORY

EQUAL TO 0
TER}IINATI ON

FOR TillS PttASE
FLAG

YES

INTEGER TIIE FINAL EVENT

SEQUENCE NUt_3ER

INITIALIZE TIlE

EQUATIONS OF MOTION

SET TIlE E'/ENT

FLAG A_{D TtIE

FIRST INITIALI-

ZATION PASS FLAG

RETUPd_
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PRNTIC: This routine prints a summaryof the initial con-
ditions for the current phase.

PRNTIC

PIF : 0

NPC(19) : 0

RETURN

INITIAL

CONDITIONS AND

SEARCH/

OPTIMIZATION

INPUTS

PRINT THE INITIAL

|CONDITIONS

|FOR TItE

CURRENT PHASE

CHECK FOR THE FIRST

PASS; IF NOT, BYPASS

r...._SEARCHiOPTI_IZA_ON
- INPUT
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PR@P:This routine calculates the thrust forces and moments
for rocket or jet enzines. These forces and momentsare computed
in the body frame.

COMPTiTETURUSTFORCES
IN BODYFRAMEBY
SUMMINGINDIVIDUAL
COMPONENTSBASEDUPON:
EXIT AREA,VACUUM
THRUST

COMPr'TE TIIE FLOWRATE

AND PROPELLANT CON-

SUMED

CO_fPUTE MO_ NTS

DI_E TO T|TRUST
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PTOIC: This routine prints the targeting and optimization

initial conditions.

PTOIC )

I

I PRINT TARGETING

AND OPTIMIZATION

INITIAL CONDITIONS
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Q_UU_T: This routine multiplJe_ quaternion E1 and quaternion

E2 to yield quaternion ]',3.

COI_PUTE E3,

GIVEN E1 AND

E2

RETURN
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QRTATE: This routine computes the quaternion E that results

from rotating through the specified angles, _GLE, about the speci-

fied axes, NAXIS.

QRTATE

CO_UTE TEHP(J), WHICHI

IS THE QUATERNION FOR |

ANGLE(l), AND STE_(J),|

_IICH IS TIIE BACK VALUE I

NO THIS THE

LAST ANGLE?

YES
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QUATI: This routine computes the quaternions, given the
angle of attack, sideslip, and bahk_angle.

GAHLAII

TETIP = 90.0

RANGLE(1) = AZL

RANGLE(2) = LATL

RANGLE(3) = L_NGI - L_NL

RANCLE(4) = -LATC - TEMP

RANGLE(5) = LAminA

RANGLE(6) = GA_IA

RANGLE(7) = SIG_A

RANGLE(8) = -BETA

RANCLE (9) = ALPHA

SET UP THE

ANGLES OF

ROTATION

CO_UTE THE

QUATEP_IONS

FOR TIIE GIVEN

ANGLES
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QUAT2: This routine computes the quaternions, given the
local attitude angles in yaw, pitch, and roll.

QUAT2

RANGLE(1)= R_LI
RANGLE(2)= YAW1
RANGLE(3)= PITI

SET UPTHE
ANGLESOF
ROTATION

QRTATE(RANGLE,NAXIS,

CO}_UTETHE
QUATE_IONS
FORTHEGIVEN
ANGLES

RETURN
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QUAT3: This routine computes the quaternions given the relative

euler angles.

GAMI_M >

i

RANCLJ;(1) = AZL

RANGLE (2) - T_TL

_NGT_(3) = LCNOI - L_NL
RANGLE (4> _- -GCLAT - 90

RANGLE (5) = YAWR

RANGTJ_ (6) = PITR

RANGLE (7) = R_LR

SET UP THE
--- ANGLES OF

ROTA TI ON

QRTATE (RANGLE, NAXIS, E_)

COHPUTE THE

QUA TE RNI ONS

FOR TIIE

GIVEN ANGLES
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READAT: This routine performs the actual processing of the

input data. Subroutines RSEARCH, RGENDAT, RTBLMLT, and RTAB are

called as required to perform the actual reading of namelists

"SEARCH", "GENDAT", "TBL_T", and "TAB", respectively. The name-

lists are always read in a given sequence that can be terminated

at any point by setting ENDPIIS = i. The calling sequence for

reading the namelists is: RSEARCII, RGENDAT, RTBL_T, and RTAB.

After reading each namelist, the data for that phase are

packed into one of two data buffers, depending on the type of

data being processed. The two data buffers ape broken down as

follows:

i) IGEN: 1500 decimal cells of storage for all input vari-

bles except for event criteria and input tables for all

phases. The table multipliers are also stored in this

array.

2) IBKT: 1500 decimal cells of storage for the event cri-

teria and tables for all phases.

The actual storage detail is shown in Table 2. The input

variables are stored in sequence as they are read and the data

are grouped according to phase number.
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TABLE III-i

CONTENTS OF DATA BUFFERS

Loc _ ti on

7 thru NGI

NG !+ 1

NG]+2

BUFFER "IGEN '_

(1500 declma] cell:i)

number of cells occupied Jn

iGEN

number of cel]s occupied by

data for the first phase

(NGI)

event sec_uc_!ec number for the

first phase

address of the first v_iria-

b!e fo]low_ng the event

sequence number in IGEN

value of the first varia-

ble in IGEN

unused cell associated with

the first variable stored

in IGEN

variables stored by repeat-

ing the sequence shown in

4, 5, 6 for eacb varinble

number of cells occupied

by data for the second

phase (NG2)

repeat sequence 3 through

7-NG2 as before for the

second event

Location

8

9

I0

Ii thru NBI

BUFFER ':IBKT '_

(1500 decimal cells)

number o[ cells occupied in

IBKT

number of cells occupied by

event sequence dat_l (NB])

event sequence number for

the first phase

event type for the first

phase

event criteria for the first

phase

crftcri_ value for tile first

phase

derivative name of the

event criteria variable

for the first phase

toler;_nce

model number

unused cell associated _.Jith

the event criteria for the

first event

repeat sequence 3-10 for

remaining events
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TABLE III-i

CONTENTS OF DATA BUFFERS - CONCLUDED

Location BUFFER "IGEN" Location

NBI + i

NBI + 2

NBI + 3

NBI + 4

NBI + 5

BUFFER "IBKT"

number of cells occupied by
all tables for the first

phase (NB2)

phase number associated with
tile first set of tables

size of the first table to

be input

name of the first table

(HOLLERITH)

table pointers nnd values

repeat above sequence for

each table in the first

phase (NBI + 3 thru NBI + 5)

repeat above sequence for

all phases

(NBI + i thru NBI + 5)
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(

READAT

INITIALIZE DATA

ARRAYS IGEN & IBKT

SAVE DICTIONARY ON

DISC. IV ÷ END

WRITE UNIT 2

INITIALIZE _LTIPLE-

RUN FLAGS. SCORE

LAST RUN

SET CO_ON AREA

IV + END TO

5H/$/$ AS KEY TO

SEARCH ON LATER

SET PRNT ARRAY

= 0 FOR DETERMINATION

IS ANY INPUT LATER

CHECK IF

FIRST PASS

FOR TIES CASE

NO -

1
YES

7

[ ]INITIALIZE HOLLERITH

INPUTS TO NOHINAL

VALUES

ICASE = ICASE + 1

RESTORE SEARCII

C_ION AND SAVE

CONTROLS FOR

MULTIPLE RUNS

READ N_E LIST /SEARCII/

CALL RSEARCH

DETERMINE WHETHER TO

EXECUTE PRESENT CASE

,YES

SAVE SEARCII CO_ON

WITH LAST CONTROLS

CONVERT INDEPENDENT

_ND DEPENDENT PHASE

!TO INTEGER REPRESENTATION

NO
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Q
m

SET EVENT SPECIFICATION ]

1TO NOMINAL VALUES

CHECK IF END OF

PROBL_]. (ENDPHS NE.O)

NO

READ GENERAL INPUT DATA

- N,T_ELIST GENDAT -

CHECK IF END OF

PHASE (ENDPHS NE.O)

_o

I' READ TABLE _'[ULTIPLIERS- N_MELIST RTBLMLT -

CONVERT EVENT NUMBERS I

iTO INTEGER REPRESENTATION

SAVE CRITERIA NAME

SET TOLERANCE

1

I INSERT NEW EVENT TO

TABLE PORTION OF IRKT

DATA ARRAY. UPDATE

POINTERS

,I

I tIGEN ARRAY, UPDATE

PO I NT ER S
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SEARCH FOR NOT 51115/$/ FROM

IV + END . IF FOUND, THEN

INSERT VALUE INTO IGEN DATA ARRAY,

ALONG WITII RELATIVE ADDRESS

SEARCH PRNT FOR NOT

ZERO. IF FOUND, INSERT

PRNT REQUEST INTO IGEN ARRAY,

ALONG WITH RELATIVE ADDRESS

INSERT NEW EVENT

INTO IBKT ARRAY.

UPDATE POINTERS

CIIECK IF END

OF PHASE

ENDPHS # 0



YES CIIECK WHETHER TO
EXECUTE THIS CASE

IRUNF _ 0

NO

A TABLE

NAME LIST TAB

DETE_IINE TABLE TYPE

PRINT "CASE BYPASSED" - CONSTANT

- MONOVARIANT

- BIVARIANT

- TRIVARIANT
CHECK IF

!

END OF JOB
ENDJOB¢ 0 !

I CONVERT INDICES AND

|POINTERS TO INTEGER

REPRESENTATION.

|CHECK TABLE DIIIENSIONS.
|INSERT INTO IBKT PACKEE

ABLE DATA ARRAY

THIS COMPLETELY 6

(MULTRF = 3)

NO

NO THIS

FIRST CASE?

YES

WRITE IGEN

AND IBKT TO
DISC
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1

i_ J

IS Thh,E _{,oOH

TO PROCESS NEXT

CASE?
I III

'7 ES

EXPAND CURRENT DATA ARRA.YL

IBKT AND IGEN AT TOP TO

ALLOW nOR LAST CASE

READ i_,EN AND [BKT

FROM LAST CASE INTO TOP

OF DATA ARRAYS IGEN & !BKT
I

2000

WAS LAST CASE

A SEARCH RUN?

YES

:,ET LAST VALUES OF J

CONTROLS INTO DATA

ARRAYS

6

CALL ERROR
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PRINT TABLE INPUT

SU_@IARY FOR CURRENT

CASE

RESTORE DICTIONARY

FRO_ DISC - UNIT 1

NO IS THIS A

SEARCH RUN?

YES

SET ADDRESSES FOR

SEARCH VARIABLES

SET RELATIVE ADDRESSES FOR

INTEGRALS - CALL SREL -

Ib_ RELATIVE ADDRESS

FOR PRINT REOUESTS

FIND RELATIVE

ADDRESSES OF TABLE

ARGUMENTS
il

FI_,U)ADDRESS OF

TABLES RELATIVE TO

IBKT AND STORE IN IGEN
i

i SET RELATIVE i

ADDRESS OF

EVENT CRITERIA

FIND ADDRESS OF

EVENT CRITERIA

USED AS CONTROLS

RELATIVE TO IV

_RITE DATA ARRAYS

RELATIVE TO IV ONTO

DISC (UNIT i)

WERE THERE FATAL

SEARCH ERRORS?

NO

IS THIS TIlE

CASE, ENDJ_B # 0'

NO

INPCF = 77B

RETURN
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2020

BEGIN MERGE OF CURRENT

DATA ARRAYS AND LAST DATA

ARRAYS.

ARE THERE ANY

MORE ESNS IN

CURRENT ARRAY?

l_anK FOR EsN IN

OLD ARRAYS

WRITE HERGED

DATA ARRAYS TO

DISC (IGEN & IBKT)

YES

IS THIS CASE

TO BE SAVED?

8
WAS ESN FOUND?

YES

IS ESN TO BE

DELETED?

YES

D,JL_TE ESN IN IGEN,

IBKT, SIIRINK ARRAYS,

I_DATE _ _'_OI,_TER,_.

NO

NO
_IERGE CURRENT ESN I --

--I_NP_DATA_:_T_,O,D I_
|IN IGEN ANTI) IBKT ARRAYS_

|UPDATE POINTEP, S I
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REVISE: This routine determines the indices of active con-

straints that are candidates to be dropped. This is done by ex-

panding GI(1) in terms of the elements of the sensitivity matrix.

The constraint with the most negative coefficient DFDC(1) is a

candidate to be dropped.

REVISE

NAC = 0 RETURN

EXPAND GI(I) IN TE_IS
OF THE ROWS OF S_T(I)

DFDC(I) CONTAINS THE

COEFFICIENTS OF THE
EXP_SION

CALCULATE TIIE S_LLEST

COEFFICIENT

STEam = MIN (DFDC(I))

TEMP. GE. - I.E-_

111-149



RGENDA: This routine reads namelist "GENDAT" and checks

for any namelist errors.

YES
TNPCF < O ?

N¢)

CIIECK TO SEE IF
----- AN INPUT ERROR IIAS

PREVIOUSLY oCCURRED

(NAHER)

NO

INPCF = -77B

RETURN
RETURN 1F
NO ERROR

HAS OCCURRED

SET ERROR FLAG IF

AN ERROR IIAS

OCCURRED

ENDPttS = O.
YES

RTBLHLT

ENDPRB = 0?

RSEARCIi
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RII_T)I: This routine calculates the rotational accelerations

that result from the aerodynamic and the thrust moments.

COMPUTE ANE,ULAR

ACCELEP, AT IONS

DQUAT

BACK¢I

BACKOR

RETURN
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R_I_TI : This routine initializes the _uaternion parameters
based upon the attitude input, and the hod,, rates ba_ed upon the
inertial or relative Euler annie rates.

INERTIALEULERANCLES
ANCLES

IGUID(12)

AEROANGLES

=I

C,_INE AND COSINE
OF AERO AN6LEE

QUAT 1

INERTIAL EULER RATES

=2

CO,_{PUTE BODY RATES ]

FROM INERTIAL EULER

ANGLE RATES

I
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i tt

ATTITUDE INITIALIZATION

RELATIVE EULER

ANCLES

IB_fTXI >

,l

ATTITUDE P_TE

INITIALIZATION

RELATIVE EULER RATES

COMPUTE BODY RATES

FROH RELATIVE EULER

ANU,LE F_T ES

J



RSC_RE: This routine checks NXTRUN, IFRUNF(i), and ISC_RE

to determine if criteria for executing the next case are met.

A history of success or failure of previous cases are packed into

ISC_RE by bit position. IRUNF is returned nonzero if the next

case is to be executed.

L = ISC@RE(2)

NXTRUN : 2

2

=

NXTRUN : 2

L = ISC_RE(I)

ICASE BIT
FROM L INTO K

K : 0

IRUNF = 0

RETURN

UXTRUN : 2

¢

L = ISC_RE(1)

L = ISC_RE(2)

M= 1

IFRUNF (H)

MASK IFRUNF (bl)

BIT FRObl L INTO K

K : 0

M : 5
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RSEARC: This routine reads namelist "SEARCH" and checks

for any namelist errors.

RSE&RC

ENDPRB = 0.0

READ N_ELIST

YES
INPCF < O?

NO

INPCF = -77B

< >

_IECK TO SEE IF

AN INPUT ERRORIIAS PREVIOUSLY

OCCURRED

RETURN
RETURN IF NO
INPUT ERROR IIAS

OCCURRED

SET TIIE INPUT ERROR
FLAG IF AN ERROR HAS

OCCURRED

READ TIIE RE?_INING
INPUT t_TfELISTS IF

N_ ERROR IIAS OCCURRED
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RTBL_FL:This routine reads name!ist "TBLMLT"and checks
for any namelist errors.

RTBLML

YES

READNA_IELIST(TBL_ILT)

NO

CHECK TO SEE IF
AN ERROR IIAS

PREVIOUSLY OCCURRED

RETURN
_RETU_N IF NO

----_ERROR HAS
_OCCURRED

SET ERROR FLAGIF AN INPUT ERROR

INS OCCURRED

IF[ENDPIIS = 0.0]

NO

RT AB

IF[ENDPRB = 0.0]

NO

RGENDAT

IF[ENDJ_B = 0.0]

NO

ERR@R(NAMELIST ERROR)

RSEARCH
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RTAB: This routine reads namelist "TAB" and checks for any

nameli_ t errors.

READ N_LIST (TAB)

YES
IF[INPCF < 0.]

NO

[N_TR(NAMER) = 0

NO

INPCF = -77B

I CIIECK TO SEE IF _
INPUT ERROR HAS

PREVIOUSLY OCCURRED

YES
RETURN

RETURN IF NO
INPUT ERROR

HAS OCCURRED

SET THE INPUT ERROR

FLAG IF AN INPUT ERROR
IIAS OCCURRED

YES
IF [ENDP][S = O]

NO

IF[ENDPRB = O]

NO

RCENDAT

IF[ENDJ_B = O] RSEARCH

NO

ERROR(N_ELIST ERROR)
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RUK: This rot, tine contains the Runge-Kutta integration

algorithm.

[F[ND[SC = o]

NO

NPASS = 5

_ISC = 0

YES

DERIV

®,
?IPASS = 4

De Q K = 1,N

L = LISIT(K)

J = LISTD(K)

YI(K) = VI(L)

Y2(K) = DVI(J)*DELT

YI(K)+FPP5*Y2(K)

DERIV

Q K = I,N

i IIil 1

L = LISTI(K)

__ ,T = LISTD(K)

Y2(K) = Y2(K)+FP2*DVI(J)*DELT

VI(L) = YI(K)+FPP5*DVI(J)*DELT

De G K=I'N

L = LISTI (K)

J = LISTD(K)

Y2 (K) = Y 2 (K)+FP2 *DVI (J) *DELT

VI(L) = YI(K)+DVI(J)*DELT
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D_ O K = I,N

L = LISTI(K)

J = LISTD(K)

VI(L) = YI(K)+(Y2(K)+DVI(J)

*DELT)/FP6

NPASS = 1

DERIV

RETURN
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RUK2: This routine performs second order Runge-Kutta inte-

gration.

IF [NDISC = 0]

NO

NPASS = 3

NDISC = 0

YES

DERIV

I NPASS = 2

_ K= i, N

J = LIST

Y1 (K) = W (5)

Y2 (K) = DIV (J)*DELT

VI (e) = YI(K) + Y2 (K)*0.5

DERIV

I L = LISTI(K) I

J = LISTD(K)

VI(L) = YI(K) + DVI*0.5

IN,ASS

<oERIv>
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SAVIC: This routine buffers out commons IV and IBKT, which

contain the state conditions, to file 2 at the beginning of each

phase that contains an independent control variable. This infor-

mation is used in running perturbed trajectories in the discrete-

pnrameter mode.

SAVE FIRST EVENT

SEQUENCE NU_ER

IS TIIERE A

PARA}_TER IN THIS

PHASE?

YES

NO

ND THE EARLIEST

EVENT IN TI}_

WRITE OUT ALL

VARIABLES IN CO}9_ONS

r

YES _fS THIS THE_

_FFIRST EVEUT ,_

!NO

IV TIIRU END OF TAPE 2

OUT ALL VARIABLES

IN BLANK CO}9_ON

ON TAPE 2
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SC_RE: This routine sets the ICASE bit of ISCCRE(1) or

ISC_RE(2) if SCLVED is + or -, respectively. No bit is set if

S_LVED = O.

RETURN ICASE : 0

S_LVED : 0

SCLVED SET ICASE BIT OF ISCCRE (2)

SET ICASE BIT OF ISCORE (i)

RETURN
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SDM: This routine computes the direction of search for
minimizing P2 via the classic steepest-descent method.

SET DIRECTION OF SEAPCH

IS EQUAL TO THE NEGATIVE
GRADIENT, DU(1) = - G2(1)

RETURN
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SETIC(NPHASE): This routine resets the initial conditions
for the specified phase (NPHASE)equal to their nominal values.

IFIRST = 0
IESN= i0

REWINDTAPE2
IF NPHASEIS
THEFIRSTPHASE

FIND THEDATA
FORNPHASEONTHEDISK

READTHEDATA
FORNPHASEINTO
IBKT

RETURN
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SETIV: This routine sets the control parameters to the
desired values, based on the calculated control corrections.

ARETHE__ _NO
ONTROL PARA_ETE RS

I

¥ES

i_ T"__o_o_I
|PARA_iETERS TO THE|

|DESIRED VALUES |

. i-'-
RESET THE TABLE

NA_S POSITIVE;

TAB SETS THEM NEGATIVE

AS A FLAG TO INDICATE

THAT THE TABLE VALUES

WERE EXCEEDED
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SHRINK (XBKT, IX, IL, IXBKT): This routine shrinks on array

XBKT at position IX by IL words, where IXBKT is the total size of

the array.

SIIRINK

M_VE = IX- i

I = 1

I I = M_VE + IK= J+IL

XBKT(J) = xtmr (K)

#

I = I+ 1

I : IL

>

SVE = M_VE + IL
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TEST: This routine tests for convergence.

CIS _PTVAR _
OPTIMIZED _

YES
r

()

CO_eARE U, PI, P2, and G2

WITH THEIR VALUES ON THE

PREVIOUS ITERATION TO

DETERMINE IF THE ITERATION

SHOULD CONTINUE

IF NONE OF THE KEY I

IVARIABLES ARE

CHANGING WRITE

***NO CHANGE IN STATEI

WRITE:

PROBLEM SOLVED

RETURN

SAVE CURRENT

VALUES OF: UMAG,

PI, P2, AND G2MAG

RETURN
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TG_EM: This routine computes the time-to-go with the next
event for eacb criterion being monitored during the current phase.
The smallest value is then selected and returned to CYC_M.

Y
I PICK UP ESN DATA FROH I

ESN LIST FOR EACIIEVENT

BEING MONITORED DURING THIN

Pt_SE

I CO_UTE DERIVATIVE OF ]THE CRITR VARIABLE

CO? [PUTE TIHE-

TO-CO DISREGARDING

_;LOPE OF FUNCTION

O

Ct!ECK 141IICll :IODEL

15; REOUIRED (;I = 1,2,3)

M= 3

IF FUNCTION COblPUTE DT REQUIRED

VALUE IS PAST DESIRED TO REACII FUNCTION

FUNCTION VALUE VALUE

NO

O

RESET INITIAL CONDITIONS

TO BEGINNING OF LAST STEP

IF TC;,/I IS SMALLER

T]b\N LAST TG_, TtlEN REPLACE

I_\ST VALUE

TIIIS TIIE LAST

BEING MONITORID ?

YES

POSITIVE ?

NO

SET T(]_ ,TO INFINITY

DERIVATIVE NEGATIVE?

COMPUTE

T I ME-TO-CO
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TG_EHI: This routine loads array IEVNTwith the addresses of
the events to be monitored during the current phase and specifies
the order in which they are to be monitored.

V
I FIND LAST POSITIqN IN EVENT I

LIST TIbeT HAS A SATISFIED ESN

AND IS A NONROVING PRIHARY

i.

LOOK FOR ANY ROVING ESN, I
BEFORE LAST PRIMARY, TtIAT IIA5

NOT BEEN SATISFIED AND ENTER

IT INTO IEVNT ARRAY.

I00 *

[_ PRESENT ESN A

YES

120

ARE TIIERE SEO]NDARIES TO

THIS PRIMARY?

ENTER INTO IEVNT ARRAY

,\._.X)LOOK FOR AND" HORE

_;TICONDARIES TO PRESENT ESN

I ADD FIRST PRI_'LERY AFTER PRESENTTO IEV_r ARRAY

PRESENT ESN A SECONDARY

TO A ROVING EVENT ?

YES

3OO

IS NEXT ESN IN LIST A SECONDARYTIIAT HAS NOT BEEN SATISFIED? _ _

YES

--I ENTER INTO IEVNrr ARRAY 1LOOK AT NEXT ESN

ARE TIlERE ANY SECONDARIE,;

TO LAST SATISFIED PRI?IARY

IN ESN LIST_ - IXI -?

Yhs

EECONDARY TO IEVNT

ARRAY AND LOOK FOR OTIIER_;

SAVE LAST VALUE OF

TIME, INTEC, RALS, AND FUNCTIONS

TO BE _IC, NITORED DURING CURRENT

PI1ASE

¢

III-168



TII_TM: This routine calculates the translational acceler-
ations of the vehicle in the Earth Centered Inertial frame.

I COMPUTETHEACCELERATIONSI
DUETOTHEEXTERNALFORCES
IN T!IE BODYFRAME

TRANSFORMTHEEXTERNALI
ACCELERATIONSTOTHE |
EARTHCENTEREDINERTIAL|
FRA_fE I

IF (NPC(14)=0

NO

YES

COMPUTEIIOLDOWN
AC CELERAT IONS

®

COMPUTE TOTAL TRANSLATIONAL

ACCELERATIONS BY ADDING THE

GRAVITATIONAL ACCELERATIONS

TO THE EXTERNAL ACCELERATIONS
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COMPUTE THE SENSED

ACCELERATION MAC_-

NITUDE

RETURN



T_IN: Main program of overlay (2, 4).
MINMYIand PTOIC.

This routine calls

T_IN

MINMYI

INITIALIZE
TARGETINGAND
OPTIMIZATION
VARIABLES

PT_IC

PRINTINITIAL
CONDITIONS

RETURN

III-170



TRAJ: This routine propagates a trajectory from the

beginning of the specified phase to the final cutoff condition.

NO

NO

TRAJECTORY?

YES

FIRST

NOMINAL?

Q YES

READ INPUTS

FOR CURRENT PHASE

NO

TRAJECTORY?

YES

SAVE THE

INITIAL CONDITIONS

®
SET THE INITIAL

CONTROL VARIABLES

INITIALIZE THE

EQUATIONS OF MOTION

CO_PUTE THE

TARGET ERRORS

INTEGRATE THE

EQUATIONS OF MOTION

NO

LAST

PHASE?

NO

WAS

TERMINATED?

NO

INITIALIZE THE

PROFILE TAPE

YES

PRINT?

YES

PHASE TO

BE INTEGRATED?

YES

CALCULATE

TARGET ERRORS

SET INDICES

FOR THE ACTIVE

CONSTRAINTS

COMPUTE THE

ERROR FUNCTION

@
TER>FfNATE THE

PROFILE TAPE

RETURN
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TRYITI: This routine minimizes the estimated net cost func-

tion as a function of the step-size parameter. The principal

function of the routine is to setup of the data required by

GEMNIN, where GENMIN is the routine that actually minimizes the

function.

CO_UTE CURVE-FIT

BOUNDARIES PCTCC AND

STPMAX, THE SLOPE OF

PINET, AND THE CURVE-

FIT TOLERANCE EPSA(I)

|]

INITIALIZE THE TRIAL

STEP VARIABLES AND

COMPUTE THE FIRST

TRIAL STEP, STEP(2)

GENMIN >

I CHECK TO SEE IF I

PINET IS MINIMIZED

OF IF THE NUMBER OF

ACTIVE CONSTRAINTS

HAS CHANGED

IF THE MINIMIZATION

SUCCESSFUL, SAVE ALL

TRIAL STEP VARIABLES

UPDATE THE INDEPENDENT

VARIABLES

,VERLAY (2, 5)

CALCULATE RETARGET-

ING DIRECTION

RETURN
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TRYIT2: This function minimizes the constraint error
function P2.

TRYIT2

CO_UTECURVE-FIT
BOUNDARIESAND
CURVE-FITTOLERANCES

GENMIN

CHECKTOSEEIF
P2 IS _NIMIZED

P2 _ P2MIN RETURN

CONSTRAINTSHAVE
NOTBEENSATISFIED,
SOSETTHECON-
VERGENCEFAILURE
FLAGSIHADITAND
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TSPXM: This routine is the main program of overlay (2, 0)
and controls the overall operation of the trajectory simulation
routines.

I
RE = RE*C_FT

RP = RP*CMPFT

)_ = _N*C_FT**3

G_ = GO*CMPFT

IIEATK (2) = IIEATK(2) /(C}WFT**2)

IIEATK(3) = IIEATK(3)*C_WFT

N[_SL = mI_SL/CDENS

1

CONVERT STORED
----- DATA FROM ENGLISH

TO METRIC UNITS

SCRHM : 0

#

HINMYS

t

TRAJX { RUN A SINGLETRAJECTORY

RUN SEARCH/
OPTI_IIZATION

TRAJECTORIES
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UNITDU: This routine unitizes the control correction
vector and computesthe magnitude of the control correction vector.

UNITDU

CALCULATE
DUMAG

COMPUTEA UNIT
VECTORIN THE
DIRECTIONOF
SEARCHDU(1)
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UPDATS: This routine updates the sensitivity matrix by
deleting those rows that can be dropped. The routine also com-
putes the projection matrix PR_J(I) and the error mapmatrix in
subroutine PGMto determine the direction of search.

NDEPV= 0
NO

=NEQC+ NTC=0

NO

FROMAC_B(1)
THEROWSCORRESPONDING
TOTHEINACTIVEINEQUALITY
CONSTRAINTS.THIS DETER-
MINESTHECURRENT
SENSITIVITYMATRIXS_iAT(I

CALCULATEPR_J(I),
EMAP(1),ANDPGI(1)

CALCULATETHErIAGNITUDE
PGI(I) AS PGIMAG

RETURN
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UPN_M: This routine updates the nominal values of the
independent variables according the direction of search DU(1)
and the step size GAMAS.

UPDATEU(I) AS
U(I) = U(1)+GAMAS*DU(I)

RETURN
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WGTINI: This routine initializes the vehicle's weight for the
current phase and adds the specified delta velocity if requested
by user input.

WGTINI

SAVEFLAGS
FORPRNTIC

DETERMINETHE
PROPELLANTAND
_£EIGHTTOBE
JETTISONEDBASED
ONNPC(13)
ANDNPC(17)

CALCULATETHE
INITIAL WEIGIIT
FORTHIS PHASE

NPC(9) : 3

ADDDELTAVELOCITY
ANDRECO_UTETIIE
INITIAL WEIGHT

MASS: 0

RETURN

(10H MASS,10H.LE. 0.
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WINDS: This routine calculates the componentsof the wind
velocity vector in the Earth-centered inertial coordinate system.

IANC°MPUTE
GEOGRAPHIC
WINDVECTOR
FROMAZIMUTH

D SPEEDTABLES

I

COMPUTE

GEO GRAPHIC

WIND VECTOR

FROM COMPONENT

TABLES
I

TRANSFORM WIND i

VECTOR FROM i

GEOGRAPHIC TO i
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W-CCAL: This routine calculates the weighting matrix for the

independent variables.

NSTEP # 1

INTRYI # 0

NINDV = 0

NO

I CALCULATEIG2MAG

PERCENTAGE

WET C,HTI NG 1
SENSITIVITY

WEIGHTING

GRADIENT

k_ICHTING

H SCALE:
U(I), PERT(I)
CL(I), c2(I).

PGI(I), J(IJ),

AND UMAG

i

I.EAST-SOUARES ]
krEICHTING

LOGARITII)IIC IWEI CHTING
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XRNGEI: This routine calculates the downrange and crossrange

distances, based on relative great circles.

XRNGE].

NPC(12) : 1

CO_UTE DELTA

LONGITUDE FOR

RELATIVE RANGE

COMPUTE DELTA

ANGLES FOR

CROSSRANGE &

DOWNRANGE

COMPUTE DELTA

LONGITUDE FOR

INERTIAL RANGE
I

I

I

COMPUTE AVERAGE RADIUS

BETWEEN INITIAL AND

PRESENT LOCATIONS

COMPUTE

AND DOWNRANGE

DISTANCES

RETURN
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IV. SERVICEROUTINES

The following service routines are used to perform arithmetic
tasks that are used frequently throughout the program.

ABT(A,B,C,L,M,N): This routine computes matrix C given
matrices A and B, the dimensions of A (L by M), and the dimen-
sions of B (M by N) as matrix A times the transpose of matrix B.

ABXT: This dummyroutine is used to force the loading into
the memoryregion of overlay (0,0) several system routines.

ANGLE2(X,Y,ALPIIA): This routine computes the angle ALPHA,
in degrees, betweenvectors X and Y. ALPHAis measuredcounter-
clockwise from X to Y and can range from 0 to 360 deg.

ANGV2(A,B,REF): This function computes the angle from unit
vector A to unit vector B about the reference vector REF,where
A,B and REFare unit vectors.

ATANH(A): This function returns as the hyperbolic arc-
tangent of A.

ATAN3(A,B): This function computes the angle, from 0 to
2 pi radians, whose arc-tangent is A over B.

BTW(B,W,D,L,M,N): This routine computesmatrix D as the
transpose of matrix B times matrix W, where L, M, and N are the
dimensions of matrices B and W.

BUCKET (X,Y,N,XX,YY,NP): This routine rearranges an array

X and the corresponding elements of Y in ascending order. N is

the number of elements in each array. NP is a pointer indicat-

ing the first element of Y that is less than the next element.

NP is zero if it does not exist. The ordered arrays are return-
ed as XX and YY.

CONVOI: This routine integrates first order linear differ-

ential equations using the convolution integration technique.

CUBMIN (A,XMIN,YMIN): This routine evaluates a cubic poly-

nomial coefficients (A), and returns the minimum values of the

function (YMIN) and the corresponding value of the argument

(XMIN).

DIGDIF (M,N,NDIF): This routine finds the number of differ-

ent digits (NDIF) between M and N, where M and N are base-lO
numbers.
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EPHEM(DATE,GULIE, GHA,RAS, DECL): This routine computes
the Greenwich hour angle, and the right ascension and declination
of the sun given the month/day/year date and the floating point
julian date from 1950.0.

ERROR(I,J): This routine writes an error messageand deter-
mines if it is fatal or nonfatal. I and J are Hollerith words.
If the first letter in I or J is blank, the error is fatal; other-
wise it is nonfatal.

EXPN(IBKT,IX,IK,IXBKT): This routine moves the contents of
IBKT from IXBKTdown IL locations, and shifts the contents of IBKT
from IX downIL locations. IXBKTis the last occupied cell in
IBKT.

EXPN(IBKT,IX,IL,IXBKT): This routine moves the contents of
IBKT from IXBKTdownIL locations, and shifts the contents of IBKT
from IX downIL locations. IXBKTis the last occupied cell in
IBKT.

F_PMIN(X,U,XMIN,YMIN,IERR): This routine calculates the
minimumof a polynominal based on four ordered pairs (X,U). The
abscissa value that minimizes this cubic polynomial is returned
as XMINand the corresponding ordinate value is returned as YMIN.

FORMIN(CENJUL,CULIEI, RANUT): This routine computes the
duration of the right ascension of the Sun given the true Julian
Century and the Julian date.

GENTAB(TABLE): This function is the general table interpo-
lation routine, where TABLEis the location of the table in IBKT.
This routine replaces the functions TAB, BTABand TRITABused in
previous versions of POST6D.

INVM(A,N): This routine inverts an N by N matrix A and re-
turns A as the inverse.

LDRL: Service module load relief filter employed by the gen-
eral analog autopilot.

MATPY(A,B,C,L,M,N): This routine multiplies matrix A by
matrix B to produce matrix C, where A is an L by M matrix and B is
a M by N matrix. Thus, C is an L by N matrix.
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MOTAB(XS,X,NI,N2,LIMIT): This function performs the bracket-
ing of the independent argument XS. X is the first independent
value of the table, N1 is the increment to the next largest inde-
pendent value of table, N2 is the location of the last point used
from table, and limit is the last point in table.

MTRXM(A,B,C): This routine multiplies matrix A by the trans-
pose of matrix B to form matrix C, where A, B, and C are 3 by 3
matrices.

MTRXTV(AT,V,W): This routine multiplies the transpose of
matrix A by vector V to form vector W, where A is a 3 by 3 matrix
and V and Ware 3 by 1 vectors.

MTRXV(A,B,C): This routine multiplies a 3 by 3 matrix A by
a vector B, and returns the answer as C.

PAD(A,B,M_D): This routine determines the delta X that pro-
duces the most precise derivative without losing significance in
being rounded off.

Arsument Calls Call

1 to (n - i) n

A f(X) X

B f(X + X) Dummy

MOD 0 1

P_LY (NI,C_FI,ARGI): This function evaluates a polynomial

of degree N1 with coefficients C_FI as a function of ARGI.

PPT (P,C,M,N,S): This routine computes matrix C as matrix

P times the transpose of matrix P, where P is an M by N matrix

and S is a scalar that must be set to zero in the calling program.

PQI: This routine calculates the necessary constants for

the convolution integration technique.

QUADMN (A,XMIN,YMIN,MINFLG): This routine determines the

minimum point of a quadratic polynomial, where A(K) is the coeffi-

cient of the (K-l)th degree term in the quadratic polynomial, XMEN

is the minimum Abscissa value, YMIN is the minimum ordinate value

and MINFLAG is set nonzero when a minimum does not exist.
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SERCH(I,IV): This routine locates the address of variable
I (Hollerith) with respect to the beginning of the commonreference.

SP (X,Y,N): This function computes the scalar product of two
N-dimensional vectors X and Y.

SREL(LIST): This routine locates the addresses of the vari-
ables in the array LIST, where LIST is constructed as follows:

NAMEI,NAME2,XI ,
NA_3,NAME4,X2,

NAME5,NAME6,X3,

The routine is also used to find the addresses of the derivatives
and their corresponding integrals.

SI_ (AJP, ARA, DEC): This routine computes the right ascen-
sion and declination of the Sun.

SYMATS(A,S,B,M,N): This routine multiplies matrix A times
the upper triangular symmetric matrix S and stores the result as
matrix B. All matrices are stored by columns, and the dimensions
are MXN.

SYMSTA(S,A,B,M,N): This routine multiplies the upper tri-
angular symmetric matrix S times matrix A and stores the result
as matrix B. All matrices are stored by columns, where the matrix
dimensions are MXN.

THPM(X,Y,XMIN,YMIN): This routine fits a quadratic poly-
nomial through three points. It returns the minimumof this poly-
nomial as YMINand the minimizing value of X as XMIN.

THP_SM(X,Y,DYDXI,XMIN,YMIN): This routine fits a cubic poly-
nomial using three points and the slope of the function. The
routine returns the minimumof the polynomial as YMINand the min-
imizing value of X as XMIN.

TP_SM(X,Y,DYDXI,XMIN,YMIN): This routine fits a quadratic
polynomial using two points and the slope of the function. It re-
turns the minimumof the function as YMINand the minimizing value
of X as XMIN.
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D = the array containing the table to be inter-
polated.

N(1) = numberof x's
N(2) = numberof y's
N(3) = numberof z's
N(4) = type of interpolation
N(5) = type of x's
N(6) = type of y's
N(7) = type of y's
N(8) thru (20)

= pointers for the last used point on the table.
X*,Y*,Z* = values of the table arguments

VCR_SS(A,B,C): This routine computes the vector cross-
product, C, between two three-dimensional vectors A and B.

VD_T(X,Y): This function computes the dot product between
two three-dimensional vectors X and Y.

VUNIT (X,XBAR,X_G): This routine computes the magnitude,
_G, and unit componentsXVAR,of a 3-dimensional vector X.

ZWASHF(EOUTH,EIN, EINH, TAU): This routine computes the
S/S+T filter using the Z-transform, assuming a triangular hold.

ZEROM(A,M,N): This routine zeroes the M by N vector A.

ZLAG(EOUTH,EIN, EINH, TAU): This routine computes the
i

filter using the Z-transform, assuming a triangular hold.S+T
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V. DEFINITIONOF INTERNALFORTRANSY_fBOLS

This section presents the symbols used internally in the
program. Most variables in the program are located in CO_IONto
conserve core locations. Certain variables are local variables to
a specific routine. These types of variables are not shownin
this list but are presented along with the flow chart for that
routine in the flow chart section. Variables that are either in-
put or output variables are defined in Volume II.

Mathematical symbols are presented for each variable where
applicable. The commonthat contains the variable is also shown,
along with a definition of the variable and the routine that de-
fines it.

f
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DEFINITION OF INTERNAL FORTRAN SYMI_OLS

FOR TR AN
SYBMOL

eiMD,I_ eb,J.. ,I.

MATH

SYMBOL COMMON DEFINITION/SUBROUTINE

ACOB ( I )
I=19625

ARt I)

I=I_15

CNPI(1)
I=I_40

CI'HAT

CYCF

DELT

DG(I)

I=I,2S

DFVLH (I)

I=lt3

DMIII)

1=1,15

DPGVC

SEARC

MOTVC

DYTEM

SEARC

CYCVC

LOCAL

CYCVC

SEARC

MOTVC

MOTVC

THE TRANSFORMATION MATRIX FROM
THE ATMOSPH_cRIC RELATIVE SYSTEM
TO THE BIDDY SYSTEM/ IBMTRX

T_E JACOBIAN OF THE CONSTRAINT
VECTOR/ GRAD

THE TAELE L_f_K-UP VALUE OF EXIT
AREA FOR ENGINE I/ PROP

CI_RRECTED SOLUTION IN THE FOURTH
ORDER PREDICTOR-C ORR ECTOR

INTEGRATION _OOMULAI FOPC

COSINE OF CONEPS(I l/ TEST

CYCLING FLAG SUCH THAT IF =0, THIS
I_ A DERIVATIVE PA_S WITH DELT=O/

CYCXMI• CVCXM_

THE ELEMENTS OF THE D VECTOR USED
Tt_ COMPUTE THE OUATERNION RATES/
GUID2

CURRENT INTEGRATION STEP SIZE/
CYCXM

THE DIFFERENCE BETWEEN THE COST

GRADIFNT f_ TWO SUCCESSIVE ITER-

ATIONS/ DGM

THE HISTORY VALUES OF THE FUNCTIONAL

INEQUALITY CONSTRAINT DERIVATIVFS

MOTION

THE TABLE LOOK-UP VALUE OF FLOWRATE
FOR ENGINE l/ PROP
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DEFINITION OF INTERNAL FORTRAN SYMBOLS (CONTD)

FOR TR AN
SYBMOL
_...4m..,mb _,m.,

COMMON DEFINITION/SUBROUT_E
_ I .,Pm.,m..d,,. ,m. _ _ ,_Nm. _ _ _ dD-mNm.,m.

DPR

DTIME

DTO

DTSAV

DIP(I)

OYP(II

DZPII)
I=1,15

DXR(1)

I=I,3

DVNTLII)

I=1,223

EAfI)
I=lt25

EMAP(I)
I=1,b25

ENOIS

ENOMII)
I=1)25

SERVC

CYCVC

CYCVC

DYTEM

LOCAL

LOCAL

DYNTL

SEARC

SEARC

CYCVC

SEARC

DEGREES PER RADIAN CONVERSION

FACTOR/ ELKDAT

THE DERIVATIVE OF "riMEr I.E., ].O

mE INTEGRATION ST_ SIZF IN THE
CURRENT PHASE/ CYCXMI

THE LAST INTEGRATI_ STEP SIZE.
USED TO CHECK FOR CHANGES IN STEP
SIZE WHEN USING THE PREDICTOR-
COPRECTCtR FORMULA/ DYNS2

THE THRUST MI_MENT ARM OF ENGINE I

MASSP

THE AERODYNAMIC MOMENT ARM/ MASSP

AN ARRAY WHICH CONTAINS THE
INTEGRALSt DERIVATIVFSt AND A
ELA_ FOR EACH VARIABLE TO INDICATE
WHETHER IT IS TO BE INTEGRATED/
BLKDAT

THE ERROR VECTOR F_ _E ACTIVE
CONSTRAINTS/ PGM

THE TRANSFORMATION THAT DETER-
MINE_ THE DIRECTION OF SEARCH FOR
CONSTRAINT SATISFACTII')N/ UPDA'IS

A SMALL NUMPFR U¶FD AS A TOLERANCE
TEST

THE NOMINAL TARGET ERRORS/ NOMINL
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DEFINITION OF INTERNAL FORIRAN SYMBOL_ (CONTD)

FORTR AN M ATH
SYBMOL SYMBOL COMMON DEE INITION/SUB ROUTINE

EPSA( II
I=It6

ESN

IESNPR T

EVNT( I )

I=ItB

EVTF

EXTRAP

FPP5

FPO0

FP|_

FP60

FPgO

FP180

FP2?O

SEARC

TGOVC

INFVC

REDAT

PHZVC

INFVC

SERVC

SERVC

SERVC

SER VC

SERVC

SERVC

THE STEPSIZE CONTROL FOR THE ONE-
DIMENSIONAL MINIHIZATION ROUTINE,

I.E., UPPER AND LOWER BOUNDS AND
CURVEFIT ERROR TOLERANCES/ FGAMAt
TRYITIt TRYIT2

THE CURRENT EVENT SEQUENCE NUMBER
DINPT

THE CURRENT EVENT SEOUENCE NUMBER
FOR PRINTOUT/ INFXMI

THE EVFNT SEOUFNCE NUMBER AND
CRITERIA ARRAY/ READAT

EVFNT FLAG/ PHZXMI
=0, NOT AN EVENT
=It ON MINUS SIDE OF AN EVENT
=2t ON PLUS SIDE OF AN EVENT

THE VALUE _F TIME WHEN THE LAST
PR_FIL TIME SLICE WAS WRITTEN•
USED TO COMPUTF THE PROFIL WRITE
INTEPVAL/ IN_:XM

FLOATING POINT NUMBER = .5

FLOATING POIN "r NUMBERS Ot],.**,15

FLOATING POINT 60

FLOA_INC POINT 90

FLOATING POINT 1nO

FLOATING POINT 270

V-4



DEFINITION OF INTERNAL FORTRAN _YMBOL __ (CC_ITD)

FORTRAN MATH
SYBMOL SYMBOL COMMON DEFINIT ION/SUB ROUTINE

FP360

FUXN|I)
I=I,IO

GAMASS

GAMAX

GB(I)
I=1,9

GCON(I) -
I=1,3

GPII)
I:1,25

GSQOLD -

HOG ( I ) --
I=_,25

HEADERiI! -

I=l,lO

SER VC

TGOVC

SEARC

SEARC

DPGVC

LOCAL

SEARC

SEARC

SEARC

INFIC

FLOATING POINT 360

THF HISTORY V_,LUES OF THE CRI-

TERIA VARIAPLES CURRENTLY BEING

MONITORED/ TGOEN

THE STEPSIZE FOR THE NON-UNITIZED
DIRECTION nF SEARCH/ TRYIT]

THE MAXIMUM STEPSIZE ALLOWFD

CONSIDERING THE INACTIVE

INEQUALITY Cf)NSTRAINTSt AND

THE MAXIMt!M AllOWED PERCENTAGE
CHANGE IN THE CONTROL
PARAMETERS/ TRYITI

THE TRANSFORMATION MATRIX FROM
THE GEOGRAPHIC SYSTEM TO IHF BODY

SYSTEM/ IP,MTR X

CONSTANTS LISED BY GRAV IN

COMPUTING THE GRAVITATIONAL

POTENTIAL/ MflT IAL

THE CO._T GRADIFNT CN THE PREVIOUS

ITERATI_/ PGM, DGM, DGMP2

THE SQUARE OF THE GRADIENT MAGNI-

TUDE ON THE PRFVIOUS ITERATION/

CGM

THE ESTIMATE OF THE HESSIAN
MATRIX GENERATED IN THE DAVIDON
ALGORITHM/ DGM

THE TITLE TO BF PRINTED OUT AT THE
TOP OF EACH PACE/ INFXMI
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DEFINITION OF INTERNAL FORTRAN SYMBOLS (CONTD)

FORTR AN MATH
SYBMOL SYMBOL COMMON DEFIN IT IONISUBROUT INE

HEATC

HESSIII -

I:I_)25

ItJtKtLtM -

TAIT) -

I=!_9

IACS(I) -

1:I,2_

IBKT (Il -
I-I •24000

IBTCII) -
T=]_25

ICASE -

ICD

ICGM

IOAV

LOCAL

SEARC

SERVC

DPGVC

SEARC

BLANK

OVRLY25

MULTRC

OVRLY25

SEARC

SEARC

CONSTANT USED IN AE_O HEATING
CALCULATION/ MOTIAL

THE APPROXIMATION TO THE HESSIAN

t4ATRIX GENFRATFD IN THE DAVIDON

ALGf)RITHM/ DGM, DGMP2, PGM

INTEGFR VARTAP, LES FOR TEMPORARY USE

TRANSF(IRMATION MATRIX FROM PLANET

CENTERED INERTIAL T_ ATMOSPHERIC

RELATIVE FRAMF/ IPMTRX

THE SAVED VALUES t_ THE SUBSCRIPTS
OF THE ACTIVE CONSTRAINTS/ TRYIT]

A DATA BUFFER WHICH CONTAINS THE
EVENT CRITERIA AND THE TABLE INPUT
DATA/ READAT, r)INPT

A COMBINATION OF ACTIVE CONSTRAINT

INDICES USED TO DETERMINE IF SOME
CONSTRAINTS CAN BE MADE INACTIVE/

DROP

CURRENT CASE (PROBLEM) NUMBER/
REA_AT

INOEX OF THE ACTIVE CONSTRAINT

HHICH WAS OROPPFD/ REVISE

A FLAG TO INDICATE THAT INITIAL-

IZATION MUST BE D(INE IN THE

CONJUGATE GRADIENT ROUTINE (CGM)

IF ICGM IS NON-Z_PO/ DELTU

NnT USED.
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DEFINITION OF INTERNAL FORTRAN SYMBOLS (CONTD)

FOR TR AN
.KYRMOL

MATH
SYMBOL COM MON DEFINITION/SUBROUTINE

IDENT (I )

I:l,9

IDTAB ( I )

IDX

IENT

IERRX

IESN

IEVNT(1)

l=I,IO

IFLG

IFRST

IGENI I)

I--I,2500

SERVC

CYC VC

REDAT

REDAT

REDAT

PHZVC

TGOVC

CYC VC

REDAT

DPGVC

GENRL

THE IDENTITY MATRIX (3X3)/ BLKDAT

ADDRESSES OF THE TABLES THAT ARE

T_ BE USED IN CnMPUTING THE

INTEGRATION STEP SIZE nURING
THE CURRFNT PHA¶E/ CYCXMt DTMDL

INDEX usrD IN READAT TO MERGE
MULTIPLE RUN DATA/ READAT

CURRFNT ESN BEING MATCHED DURING

GENERATION_ OF MULTIPLE RUN DATA/

RE_DAT

lgSFD TO SAVE FATAL ERROR FLAG

BEFORE EVALHATING N_N'-4;ATAL

ERRORS/ R EADAT

THE INITIAL EVENT SEQUENCE NUMeER
nINPT

THE ARRAY OF EVENT LOCATIONS

CURRENTLY BEING MONITORED/ TGOEMI

A FLAG USED TO INDICATE THAT AN

EVENT HAS BEEN INITIATED/ CYCXM

A FLAG TO INDICATE THAT THIS IS

THE BEGI'_,'NIN_ OF A PROBLEM/ RFADAT

THE TRANSFORMATION MATRIX FROM THE

PLANET CFNTEffFD INERTIAL TO THE

GEOGRAPHIC SYSTEM/ MOTION

A DATA BUFFED WHICH CONTAINS THE

GENERAL INPIIT _ATA/ READAT, DIK'PT
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DEFINITION OF INTERNAL FORTRAN SYMBOLS (CONTD)

FORTR AN MATH
SYBMOL SYMBOL COMMON DEFINIT 7ON/SUBROUTTNE

IHADI T

II

IMAX

IMIN

IMLT

II_¢.ILT

IN

IO

INFF

INIT

SEARC

REDAT

DPGVC

SEARC

SEARC

READAT

MULTRC

MULTRC

OVRLY25

INFVC

DYTEM

A FLAG WHICH IS SET TO I IF THE
PROGRAM COULD NOT GET TARGETED ON
THE LAST OPTIMIZATION STEP/ TRYIT
TRYIT2

USEn AS INDFX ANt) COUNTER DURING
DATA PROCESSING IN READAT/ READAT

THE TRANSFORMATION MATRIX FRr_M THE
PLANET CENTERED INERTIAL TO THE
LAUNCH 7NERTTAL ._Y_TEM/ MOTIAL

THF LAST PHA£E NIIMBER OF DEPRHII)

AND OPTPH TO OC£UR IN TIME/ MINMYS

THE FIRST PHASE NUMBER OF DE_PH(I

AND OPTPH TO OCCUR IN TIME/ MINMYS

POINTS TO T_E BEGINNING OF LA_ELED

COMMON MNMMLT IN INV/R__ADAT

SIZE OF GENERAL DATA RECORD SAVED
FOR MULTIPLE RUNS/ READAT

CURRENT INPUT AND OUPUT FILE FOR

MULTIPLE RUN - FLIP FLOPS BETWEEN

3 AND 4/ DEAgAT

COMBINATION OF CONSTRAINTS

SELECTED BASED ON COMBINATORIAL

PRC_CE_t,tnES/ COMPINE

A PRINT FLAG WHICH FORCES A PRINT

WHEN SET NONZERO/ PHZXM

A COUNTER IN PREDICTOR-CORRECTOR

TO START THE ALGORITHM/ DYNXL_,

DYNS2
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DEFINITION OF INTERNAL FORTRAN SYMBOL._ ICONTD)

FORTRAN MATH

SYBMOL SYMBOL COMMON DE F IN IT ION/SUB ROUT INE

INSRT

INTRBL

INTRYI

IOP T

IPRT

IPRNTB

IPRNTR

IRANGE

IREVDT

RFADAT

SEARC

SEARC

SFARC

GENIC

INFVC

INFVC

AUX VC

C-ENIC

FLAG USED TO INDICATE IF A TABLF

HAS BEEN INSERTED FOR THE CURRENT

PHASE BEING P_[_ESSED IN MULTIPLE

RUN PORTION OF READAT/ READAT

A FLAG ?_ INOICATE THAT THE PROGRAM

COULD NO T C-FT TAPC_FTED ON THE

CURRENT OPTIMIZATIf_N SIEP/ TRYIT2t
TEST

A FLAG Tf_ INDICATE THAT OVERLAY

(2,$) IS TO _F CALLED WHEN SET

NON-ZERO/ TRYITI

A FLAG WHICH IS SET NON-ZERO TO

INDICATE THAT THERE WERE NO PREV-

InUS OPTIMIZATION STEPS/ TRYITI

A FLAG WHICH StPPRESSES THE TRAJ-
ECTORY PR.TNTOUT WHEN .RET TO ZERO/

MINMY$

THE NUMBER OF FULL PRINT LINES IN

THE PRINT BLOCK/ INFXM

TF_F NUMBER OF REMAINING PRINT

VARIABLES IN THE LAST LINE THAT IS

NOT FLILL/ !NFXM

A FLAG TO INDICATE THAT THE RANGE

CALCULATION HAS BEEN INITIALIZED/

AUXFMI

REVISION DATE PRINTED AT THE

BEGINNING OF EACH BUN IN READAT/

BLKDAT
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DEFINITION OF INTERNAL FORTRAN SYMBOLS ICt3NTD)

FOR TR AN M ATH

SYBMOL SYMBOL COMMON DEF IN/T ION/SUB ROUT INE

IRUNF

IRI !I | -

ISCOREII) -

I=I ,2

ISFLG -

ISTART -

ISTCI2t -

I=I,25

ISTOP(?) -

I=],4

ISZBLK o

ISZEV -

ISIZ

READAT

SER VC

MULTRC

SEARC

SEARC

OVR LY25

SEARC

MULTRC

TGOVC

READAT

FLAG USED TO INDICATE IF CURRENT

CASE IS TO BE BYPASSED. IRUNF=O

IMPLIES trASF WILL BE BYPASSED/

RCADAT

A TEMPORARY REUSABLE ARRAY

WORDS IN WHICH _UCCfSS OR FAILURE

OF RUNS ARE PACKED/ RSCORE

FLAG WHICH INDICATES THAT THIS

IS A RESTART ITERATION FOR THE

DAVIDnN OPTION/ _SEARCH

A FLAG TO INDICATE THAT THE
DAVIDON ALGOQITHM IS TO BE RE-

STARTE_ IF _ET NON-ZERO/ TRYII|t
PGM

INDICES OF THE SAVED RIGHT

CONSTRAINTS/ DROP

AN ARRAY TO INDICATE HOW THE

CURRENT PROBLEM TERMINATED/

NOMINAL• TEST

ISTOP(| )=??Bv PROBLEM SOLVED

ISTOP(2)='TTEt ITERATION LIMIT
ISTOP(3)='T'_Bt NO CHANGE IN STATE

ISTOPI4)=?TBt TIME LIMIT

SIZE OF SEARCH DATA RECORD SAVED

FOR MULTIPLE RUNS/ READAT

THE NUMBER OF EVENTS BEING

MONITORED/ TGorMI

T"E SIZE OF THE TABLF CURRFNTLY

BEING STORED IN IBKT/ READAT
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DEFINITION OF INTERNAL FORTRAN SYMBOLS (CC_TD)

FORTRAN MATH

SYBMf3L SYMBOL COMMON DEF IN IT ION/SUB ROUTINE
m,l._

ISV

ITC 12)

I=It25

ITERF

IVSZ

IWTFLG

IXBKT

IXXH(2)

I=1,9

IXE

IXEVG

IXEV7

ZXEVT

MOTVC

SEARC

SFARC

SERVE

SFARC

READAT

LOCAL

READAT

RFADAT

READAT

TGOVC

A POINTER TO THE LAST POINT USED

IN THE ATM_PHFPE TABLE LOOK-UP/
ATHOS2

THE INDICES OF THE TIGHT INEOUAL-

ITY CONS1_AINT._/ NOMINL, REVISEr
DRP_P

A FLAG TO INDICATE THF TYPE OF
ITERATION STEP/ MINMYS

=0_ TARGETING _NLY

=It OPTIMIZATION ONLY

=2_ TARGETING AND OPTIMIZATION

THF ._IZE OF THF Ct't,MPUTATTONAL

COMMIIN RECTON (END-IV 1)/ RFDAT

A FLAG TO INDICATE THAI THE
DEPENI3ENT AND INf_EPENDENT

VARIABLE. ¢ A_E WEIGHTED OP
UNWE IGHTED/ WUCAL

THE NUMRFR OF CELLS OCCUPIED BY

THE CONTENTS OF IBKT/ READAT

THE HISTf3RY (SAVFD) VALUE OF THE

INERTIA MATRIX. / MASSP, RMOT)

A POTNTER TO THE" EVENT IN IPKT/
REA_AT

A POINTFR USFD IN THE GENERAL

DATA ARRAY (IC.EN)/ PEADAT

A PnINTFR USED IN "/HE TABLE DATA
ARRAY fIF_KT|/ READAT

AN INDEX ON IEVNT/ TGOEMI
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DEFINITION OF INTERNAL FORTRAN SYMBOLS (CCINTD)

FOR TR AN M ATH

SYBMOL SYMBOL COMMON DE FINITION/SUBROUTINE

IXG

IXGEN

IXT

IXI

IX2

IXTRL

JAC (2)

I=1,26

JMLT

JMULT

KREEP

LBf2)

I=I,9

LIMGBK

LIMBKT

READAT

READAT

READAT

READAT

READAT

SEARC

READAT

MULTRC

SEARC

OPGVC

READAT

READAT

POINTS In BEGINNING OF CURRENT

PHASE IN NEW CA_E DATA SET/
READAT

THF NUM_FR OF CELLS OCCUPIED BY

THE CONTFNT._ OF IGENI READAT

AN INDEX USED TO PACK THE TABLES

INTO IBKT/ REAl)AT

INr)ICES USED TO BUILD THE DATA

BUFFERS/ READAT

THE CORE LOCATION OF THF TABLE

BEING INSERTED INTO IBKT/ READAT

THF INDICES OF THE ACTIVE

CONSTRAINTS/ TRYIT1

POINTS TO END OF LABELED COMMON
HOLINC IN IV/ READAT

SIZF OF TABLE OATA RECORD SAVED
FOP MULTIPLF RUN/ READAT

A FLAG WHICH INDICATES IF THE
ITERATION IS PROGRESSING TOWARDS

A SOLUTICN/ TF._T

THE TRANSFORMATION MATRIX FROM

THE LAUNCH INERTIAL TO THE BODY

SYSTEM/ I BMTPX

THE MAXIMUM SIZE OF THE GENERAL

DATA ARRAY (IGFN|/ READAT

THE MAXIMUM SIZE OF THE TABLE

DATA ARRAY (IRKT)/ READAT
o-
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DFFINITION OF INTERNAL FORTRAN SYMBOLS ICONTD)

FOR TR AN

SYB MOL

MATH

SYMBOL
,ID 'R,..m,._ ebm_

COMMON DEFIN I T IPN/SUBROUT INE

LISTD(I!

I=I _ 40

LISTI (I)

I=lt40

LMBKT

LMEVT

LNGTH

LPRNT

N m

NACS

NAMSVR(I) -

I=l,SI

NDISC

NEOC

NETF

DYTEM

DYTEM

READAT

READAT

READAT

I NF VC

DYTEM

S EA RC

SEARC

DYNVC

SEARC

SEARC

THE ADDRF_.KFS OF THE CURRENT

DEPRIVATIVES/ DYSII, DLOOK

THF ADDPFSSES OF IHE CURREN1

INTEGRALS/ DYSI1, DLf3OK

THE CURRENT SIZE or IBKT/ READAT

THE SIZF OF THF CURRENT EVENT

BEING INPUT/ REAnAT

THF LENGTH OF THE COMPUTATIONAL

COMMON AREA/ READAT

THE LAST PRINT TIME/ INFXMIt

INFXM

THE NUMBER OF INTEGRALS IN THE

CURRE_'T PHASE/ OVSIit DLOOK

THF NUMBER OF ACTIVE CONSTRAINTS

INCLUDING THE FOUALITY CON-

ST_AINTSI TI_Y I TI

THE HOLLERITH t'!AME_ OF THE

CONTROLt TARGFTt AND _PTIM-
IZATION VA_IABI.ES/ READAT

A FLAG TO SI(:NAL THE INTEGRA-

TION ALGORITHM THAT THERE IS A

DISCONTINUITY/ t_YNXA

THE NUMBER OF EQUALITY CON-

_TRAINTS/ M!NMYS

A FLAG WHICH IS SET NON-ZERO IF

SRCHM=4 AND OPT IS NON-ZERO/

MINMY_
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DEFINITION OF INTERNAL FORTRAN SYHPOLS (CONTD|

FORTRAN MATH

SYBMOL SYHBOL COMMON b FF IN} T ION/._UB R_T iNE

NFLAG -

NINDVX -

NLDADR(I) -

I=It25

NLDPHII) -

I=1,25

NOMF

NO0

NOI

D

e

NO15

NPAGE -

NPASS -

NPC9

NPCI3

NPC l?

NSTEP -

SEARC

, READAT

READAT

READAT

$EARC

SERVC

SERVC

MULTRC

DYNVC

LOCAL

SEARC

A FLAG WHICH IS SET POSITIVE TO

INDICATE THAT THE PROBLEM HAS
CONVERGED/ TEST

NUMP._R Or: INDEPENDENT PARAMETERS
SAVED FROM LAST RUN/ READAT

ADDRESS 01_ THE CONTROLS SAVED

FROM THE LA._T SEARCH RLIN/ READAT

PHASE NUMBERS ASSPCIAIED WITH

THE CONTROLS SAVED FROM THF LAST

SEARCH RUN/ READAT

A FLAG WHICH IS SET NON-ZERO IF

THE TRAJECTORY BING RUN IS A

NOMINAL T_AJECTORY/ NOMINL

FIXFD polhrr ZERO

FIXED POINT NUMBERS ],...tI5

PAGF COUNTER/ PAGER

AN INTEGRATION PASS FLAG/ DYNXAt

RUK

INPUT VALUES OF NPCfglt NPC(]3)9

AND NPC(|T) THAT A_E REQUIRED FOR

PRINTOUT/ PRINTIC

AN ITERATION COUNTER FOR THE

CURRFNT PROBLEM/ MINMYS
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DEFINITION OF INTERNAL FORTRAN _YMBOLS (CCNTD)

F_TR AN MATH

SYBMOL SYMBOL COMMON DEFINITION/SUBR_TINE

NTC

NUL L

OLDG2

OLDP|

OLDP2

OLDU

DMGSLT

ONE

PTCGO

PCTOLD

PE(I)

1=1,240

PHZF

SEARC

SER VC

SEARC

SEARC

SEARC

LOCAL

MNMMLT

TGOVC

SEARC

INFIC

PHZVC

THE NUMBFR OF TIGHT CONSTRAINTS/
RFVISE

A VARIABLE USED OT DETECT IF INPUT

VARIABLES HAVE BFFN INPUT. THE

STORED VALUE OF NULL IS |HU/
BLKDAT

G2MAG FROM TNF PRFVIOUS INTERATION/

TEST

PINI'_M AND P_NOM FROM THE PREVIOUS

ITERATION/ TEST

UMAG FROM "THE PREVIOUS ITERATION/

TE:ST

_MEC, A*SIN(LATC)/ MOTIAL, MOTION

THE NAMF OP A CELL WHICH CONTAINS

FLf_ATINf- Pt)INT ONE/ NOMHOL

PERCENT OF NOMINAL INTEGRATION

STFP ALLOWED Bv TIMF-Irf_-C.O LOGIC

T_, BRACKET THF DESIRED FUNCION
VALUE/ TGEON

THE MAXIMI_ PERCENTAGE CHANGE

ALLOWFD ON THE PREVIOUS _PTIM-
IZATION STEP/ TRYTI

THE CORE AODRESS.ES AND NAMES OF THE

CURRFNT PRINT VAQIABLES/ INFXMI,
IN_XM

A FLAG TO INDICATE THAT THE TRAJ-

ECTORY I_K TO BE TERMINATED/ PHZXM

=O, DO NOT TERMINATE THE TRAJECTORY

NE O, TERMINATE THE TRAJECTORY
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DEFINITION OF INTERNAL FORTRAN SYMBOLS (CONTD}

FORTRAN MATH

SYBMOL SYMBOL COMMON DEFINITION/SUBROUTINE

PI

PIF

PlO2

PNMCN | I )

I=I,40

PRO J( I ) -

I=] ,625

PINOM

P2NOM

P2MIN -

OLDU ! I |

I=1, ?5

QSREF

RERP2 -

REVNT

SERVC Pl/ BLKDA?

PHZVC A PROGRAM INITIALIZATION FLAG/

PHZXMI

=Or THIS IS THE INITIALIZATION PASS

--It THIS IS NOT THE INITIALIZAITON

PASS

SERVC PI OVER TWO/ BLKDAT

DYTEM FIRST DIFFERENCE BETWEEN PREDICTED

SOLUTION AND CORR[-CTEO SOLUTION

U._ED IN FrURTH ORDER PREDICTOR-

CORRFCTOP FORMULA/ FOPC

DYTEM PREDUCTED SOLUIION IN FOURTH ORDER

PREDICTOR-CORR ECTOR INTEGRATION

FORMULA/ FORE

OVRLY25 THt r MATRIX WHICH DETERMINES THE

PRflJFCTFD GRADIENT/ UPDATS, REVISE

SEARC THE VALUES PF Pl AND P2 ON THE

NOMINAL TRAJEC'r("RY/ MINMYS

SEARC THE LOWER BOtlNr_ ON THF WIEGHTED

ERROR MAGNITUDE/ Dt:LTLI

REDAT CONTROLS SAVED FROM LAST SEARCH

RUN/ RFADAT

LOCAL DYNAMIC PRESSURE TIMES THE

AERODYNAMIC REFERENCE AREA/ MOTION

LOCAL ( RE/RP)** 2/ MNTIAL

REOAT A VARIABLE USED TO SET A FLAG FOR

A ROVING EVENT/ READAT
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DEFINITION OF INTERNAL FORTRAN SYMBOLS fCONTD)

FOR TR AN
SYB MOL

MATH
S YMBOL
l ,ubm.,.m,.m._..

COM MON DEFINITION/SUBROUTINE

RPD

SII)
I:1_25

SALPHA

CALPHA

_AVE ( I ) -
I=I tTO

SAVIT (I tJ }-
I=I _27

J=l ,5

SBANK

C_ANK

SBETA -

CBETA

SFCT(I) --
I=I,15

SGAMA -

CGAMA

SIDEAL -

SER VC

5EARC

LOC AL

TGO VC

SEARC

LOCAL

LOC AL

LOCAL

LOCAL

AUXVC

RADIANS PER DEGREE CONVERSION
FACTOR/ BLKDAT

THE VALU__ OF DU FORM THE PREVIOUS
ITERATION/ CGM

THE SINE AND COSINE OF THE ANGLE

OF ATTACK/ GUIDI, MOTION

THE VALUES OF THE STATE VARIABLES
AT THE LAST IN'e_C_RATION STEP/ TGOEM

AN ARRAY IN WHICH THF RE,C.ULTS OF
THE CURVFFIT OF Pl AND P2 ARE

SAVED/ FGAMA

THE _eINE ANn COSINE OF THE ANGLE

BANK/ GUIlt MOTION

THE SINE AND COSINE OF THE ANGLE

SIDESLIP/ GUID|• MOTION

THE TABLE L.OOK-UP VALUE OF THE
SPECIFIC FUFL CONSUMPTION FOR
ENGINE I/ PROP

THE SINF AND COSINE OF THE PATH

ANGLE RFLATIVF TO THE ATMISPHERE/
GUIO!• GUI2

THF SAVE9 VALUE OF VIDEAL USED
TO COMPU'fE THE REOUIRED VELOCITY
HARC, IN/ AUXFM I
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DEFINITION OF INTERNAL FORTRAN S'¢MBOLS (CCt4TD)

FORTR AN MATH
SYBMOL SYMBOL COMMON DEFINITION/SUBROUTINE

el. _ _ _ o e..e. ew,

SINDPHII) -

I=I,25

SAZVA -

CAZVA

SAZREF -

CAZREF

SGCLAT -

CGCLAT

TGCLAT

SLATRF -

C LA TR F

SLG

CLG

SLONG -

CLONG

SOt.VED

SSTI(I) -

I=1t625

SEARC

LOCAL

LOCAL

LOCAL

LOCAL

LOC AL

THE VALUES OF INDPHII| WHICH ARE
SAVED IN REAOAT FOR PRNTICt R EADAT

THE SINE ANr) COSINE OF THE AZIMUTH

• ANGLE RELATIVE TO THE ATMOSPHERE/
GUll• GUID2

THE SINE AND COf_SINE OF: THE REFERENCE

AZIMUTH ANGLE USED IN THE RANGE
CALCULATIONS/ AUX FMI

THE SINE• COSINE, AND TANGENT OF

THE GFOCENTRIC LATITUDE OF THE

VEHICLE/ MOTTAL• MOTION

THE SINE AND COSINE OF THE

REFERFNCE LATIll_IDE USED IN THE
RANGE CALCULATIONS/ AUXEMI

SINE AND COSIN_ OF GEODETIC

LATITUDE/ MI_TIAL

LOCAL SINE AND COSINE OF INERTIAL

LONGITUDE/ MOTIAL• MOTION

ULTRC FLAG SET TO INDICATE HOW THF LAST
eROBLEM TERM!NATED/ SCORE

A MATRIX USED _N COMPUTING THE
PROJECTING MATRIX AND IS EQUAL
TO (S_S DoIME)INVEPSE/ UPDATS•
PGM

OVRLY25
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DEFINITION OF INTERNAL FORTRAN SYMBOLS (CDNTD)

FOR TR AN MATH
_YBMOL SYMBOL COMMON DEE IN IT ION/SUB ROUT INE

STEP(II -
I=I,6

SRMINP|I) -
I=I,2

STPMAX -

TABLEII) -
I=1_7500

TEMP(I) -
I=1,50

TOO

TGR AD -

TIII) -
I=ltt5

TIMIN -

TIMX

TJDII)

I=ltl5

SER VC

SEARC

SEARC

SEARC

REDAT

SERVC

TGOVC

SEARC

MOTVC

SEARC

TGOVC

LOCAL

AN ARRAY USED FOR T_MPORARY
STORAGE

THF TRIAL STEP LENGTH FOR EACH
TRIAL .KTEP/ GENMIN

THE MINIMUM STEP SIZE DECREASE
FROM THF PREVIOUS STEP WHEN
GENERATING THE CURVEFIT/ GENMIN

THE LENC_TH OF THE STEP IN THE
DIRECTION OF SEARCH R.FQUIRED TO
REACH T_4E BOUNDARY FOR TH.r: NEAREST

INEQUALITY CONTRAINTS / TRYITlv
TPYIT2

THE CURRENT TABLE BEING INPUT. USED
TRANSFER THE TABLE fROM INPUT TO
THE STORAGE ARRAY IBKT/ RTABt RFADAT

AN ARRAY USEr) FOI_ TEMPORARY
STORAC_E

THE TIME TO GO TO THE NEXT EVENT/
TGOEM

TIME REQUIRED TO COMPUTE ALL
TRAJECTORY S_N._ITIVITIES/
MINMYS

THE VALUE OF NFT THRUST FOR
ENGINE I/ PROP

THE TIME AT WHICH THE EARLIEST
PHASE IN INDPHtl) OCCURS/ NOMINL,

SAVIC

THE LAST VALUE OF TIME/ TGOEM

THE TABLE LOCK-UP VALUE OF THRUST
FOR ENGINE I/ PROP

V-19



DEFINITION OF INTERNAL FORTRAN SYMBOLS (CC11TD)

FOR TR AN
SYBMOL

MATH
SYMBOL COMMON
D m,_,_-l-- a

D EF I NI T ION/SUB ROUT IN E

TREF

TREFP

TREFS

TTR I AL

TWOPI

WECONH

WGTO

WJETTO

WPROPO

WPUSHDH

XINF

ZIXAV(I}
l=It3

V-20

CYC VC

OYN VC

DYNVC

SEARC

SERVC

LOCAL

LOC AL

LOCAL

LOCAL

LOCAL

SERVC

AUXVC

DPGVC

CYCXM

A TIME REFERENCE USED TO COMPUTE
THE N_XT STEP SIZE (DELT)/ CYCXMI

THE TIME REFERENCED TO THE LAST
PRIMARY FVENTt CYCXMI, TGEOMI

THE TIME REFERENCED TO THE LAST
SECONDARY EVENT/ CYCXMI, TGOEMI

TIME REQUIRED FOR A TRIAL STEP
IN THE ONE DIMENSIONAL
MINIMIZATION ROUTINE/ FGAMA

TWO TIMES DT/ PLKDAT

THE HISTORY (SAVED} VALUE OF
WECON/ WGTINI

THE CALCULATED VALUE OF INITIAL
STAGE WEIGH_)t WGTTNI

THE _AVED VALUE OF JETTISON WEIGHT
FPR PRINTOUT PURPOSES/ WGTINI

INITIAL STJGE PgOPELLANT WFIGHT/
WTGINI, PROP

PROPELLANT CONSUMED UP TO AND
INCLUDING LAST P_ASE/ WTGINI

FLOATING POINT INFINITY (10.EIO)/
BLKOAT

THE SAVED VALUES OF THE VEHICLE
POSITION VECTOR RELATIVE TO THE
EARTH FOR USE IN COHPUTI1NG DPRNGI
AND DPRNG2/ AUXFMI

CONSTANTS USED TO COMPUTE THROTTLE
COMMAND WHEN USING GENERALIZED
LINEAR CPMMNADS/ MOTIALt PROP



DEFINITION OF INTERNAL FORTRAN SYMBOLS (CONTD)

FOR TR AN M ATH

SYBMOL SYMBOL COMMON
Im ummm.gl._,m. _iam. I_.D

DE F IN IT ION/SUB ROUTIN E

YES(I )

I=I)4

YP(I,J)

I'=1)6

J= I • 40

YPVAV (I )

I=I t40

YI(I)

Y2(I)

I:I)40

ZITRY(1)

I--'I, 6

Z2TRY ( I )

I=I)6

ZMAG

ZMAX

ZPIDS

ZP2DS

Z_TFP(I)

I"I t6

ZVES(I)

ItI ,5

SFARC

DYTEM

DYTEM

DYTEM

SEARC

SEARC

SEARC

SEARC

SEARC

SEARC

SEARC

SEARC

THE VALUES OF THF POLYNOMIALS

C_ENERATED DURING THE ONE
D IMEN._ IONAL MINIMIZATION

AT THEIR PREDICTED MINIMUMS/
TRYITI

BACK DERIVATIVES USED IN FOURTH

ORDER PR LIDICTOR--C ORR E CTOR

FORMULA/ FOPC

INITIAL VALUES OF INTEGRALS USED

IN PREOICTOR-COROECTOR FORMULA/
FOPC

WORKING STORAGE USED BY THE RUNGE-

KUTTA INTEGPATION ALGI)RITHM/ RUK

SAVED VALUES OF PITRY(1)/ TRYITI

SAVED VALUES OF P2TRY(1)I TRYIT|

SAVED VALUE OF UMAGt TRYIT!

SAVED VALUE Or STPMAX/ TRYITI

SAVED VALUE OF DPIOS/ TRYIT1

SAVFD VALI._. OF DP2DS/ TRYITI

SAVED VALUES OF THE TRIAL STEP

SIZES/ TRYIT!

SAVED VALUFS OF YES(I)/ TRYITI
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VI. POST SUBROUTINE INDEX

V-22

SUBRDUTINF
NAM_

ABT
A_XT
AERO
AER OH I

AIRrM
ANC L E 2
ANCV2
ANP AR T
ANT ANH
ATAN3
ATHOS
ATMO_ |
ATMOS2
AIM OS 3
AUTCPM
AU'TP 1
AUTP2
AUX_M
AUX I=MI
I_ACKOI
PACKOP
BLKDAT
BTW
BUCKET
CALE
CALSPE
CGM
CLGM
CLSPFL
COM_ I N
CONIC
CONTM
CONVO
CONVO !
CUBMIN
CYCXM!
CYCXM 2
CYCXM I
DATA
DELTU
DERIV
DERVI
DGAMLA
DGM

OVER LAY

(2,5)
(O,O)

(2,3)
(2,3)
(2,3)
(2,3)
(?,3)
(2,3)
(2,0)
(2,3)
(2,0)
(2,0)
(2,0)
(2,0)
(2,0)
(2,3)

(2,3)
(?,?)
(2,3)
(2,2)
(2,0)
(2,C)
(0,0)
(2,5)
(2,0)

(2,0)
[2,3)

(2,_)
(2,3)
(2,0)

(2,5)
(2,3)
(2,3)
(2,3)
(2,3)
12,0)
(2,3)

12,3)
(2,2)
(2,0)

(2,5)
(7,3)

(2,2)
(2,3)
(2,5)

OCTAL
SIZE

21
2

756
207
124

15
106

/..0
3

]6
?

26
35

237
427

20
51]

lo76,
365
167

36
4:1

0
1'7

105
61
20
2"/

`7
`Tz,
44

5(15
3`7

3C4
24

103

202
I Ok

3
33
16
10

131
9.30



POST

SUBROUTINF
NAME

DGMP2
DICT
DI_,DIF
DINPT
DLOCK
DPRNG
DOUAT
_ROP
DTMOL
DUC A L
DWINDS
DYNS2
DYNXA
DYNXM
DYNXM 7
DYS I 1
ERROR
EXPN
FANDE
FGAMA
FOPC
F:OPMIN
GA_DD
GAMLAM
GCNTRL
G_r'MNIN
GENTAB
GGU ! D
GGUID |
GGUID2

GMAG
GNAV
GRAD
GPAV
GSENSR
HINGEM
IBMTRX

IBMTXI

ICKTAB

INFXM

IN_XM I

INPUTX

INTGR L
INVM

IRTBR

SUBROUTINE INDEX (CONTD)

OCTAL
OVERLAY SIZE

mwm

(2,51 30

(1 ,O1 3

(2,0) 37
(2,1) 77
(2,2) 5!
(2t3) ]_5
(2,3) 24

(2,5) 273
(2,3) 111
(2,5) 6

(2,3) 35
12,3) )4

(2,2) 7

(2,3) 17

12,2) 12
(2,2) 32

tO,O) 4"?
(I ,0) 52
(2,0) 14

(2,0) 160

(2,3) I76

(2,0) 1_2
(2t5) 47
(2,0) 65
(2,3) 3

(2,0) 505
(2,0) 271

(2,3) l?
(2,3) 2_

(2,3) 1403

12,5) 44

(2,3) 3

(2,0) 442

(2,3) 65

(2,3) 76
(2,3) 41

(2,0) 51
(2,2) 203
(2,2) 21
( 2, _) 206
(2,2) t65

( I, O) 647

(?;2) Y5
(2,_) (2,5)(2t6)41'5
(2,3) 32

V-23



POST SUBROUTINE INDEX (CONTD)

V-24

SUBROUTINE
NAME
,u..i.4mB mb,_. q_m,._i, m m

ITERO

LDR L
MASSP

MASTER

MATFY

MINMYI

MINMYS

MINITR

MOTAB
MOTIAL
MOTION

MTR XM

MTRXI

MTRXTV

MTRXV

NDMPO L

NOM IN L

OLGM
ORBTR
OUTIT
PAGER
PAO
PAXCAL
PRLOCK
PGM
PHZ XM

PHI XM I

POLY
pI>T
PO!
PRNTIC
PPOP
PT_IC
OMULT
ORT AT E
OUADMN
OUAT 2
OUAT2
QUAT._
READAT
REVDAT
REVISE
RGENDA
RMOTI

RMOTM

OVE R LAY
OCTAL
SIZE

( 2,6) 1606

(2,3) 50
(2t_) 167
(0,0) 7,343/11,431
(2,0) 20
(2t&) 1|?
(2,0) 62
! 2,3) 24
(,"t3) l_f
(?,2) 1303

(2,3) 273
(2,0) LI
(2,3) 41

(2,3)(2,2) 20
(P,3)(2,2) PO
( |, O) 276

(2,0) 1_]
(2,3) 53
(2,2) 131
(2,6) 6
(OtO) 46
(2tO) 65
(2,2) 206
(2,3) 275

(2,3) 2_0
(2,2) 22

(2,0) 6
_2t_) 21
(2,0) 3_

12,2} 36_7

( 2,3) B03

( 2 ,,',) 53?
(2,2} 33
(2,2} 65
(2,0) 46
(2,2) 54
(2 ,P) p4

(2,2) 45

( 1 ,O) 2606
(0,0) 3

(2t5) 117
( 1, O) 1020

(2,2) 206
(2,3) 135



POST

SUBROUTINE
NAME

RSCO_E
RSEARC
RTAB
RTBLML
PUK
RUK 2
SAVIC
SCORE
SDM
_FRCH
SETIC
SEVIV
SHRINK

SP

SREL

SYMATS

SYMSTA

TEST

TGNEM
TGOEq !
THR M

THPCSM
TMOTM
TOIN
T_OSM
TRAJ
T_YITI
TRYIT2
TSPXM
UNITOU
UPDATS
UPNOM

VCROS S
VDOT
VUNIT
WGTIN I

WINDS

WUC AL
WR NGE |
ZEROM
ZLAGF
ZWASHF

SUBROUTINE

OVE R LAY

11,0)

(1,O)
(1,O)

(1,0)

(2,3)

(2,3)
f2 tO)

(I tO)
(2t5)
(l,O)
(2,0)

(2,0)
(1,0)
(2,0)
lifO)

(2,5)
(2,5)

(2,0)
(2, __)

(2,2)
(2,O)
(2,0)

(2,3)
(2,4)
(2,0)
(2,0)
(2,O)
(2,0)
(2,0)
(2,0)
(2,5)
(2,0)
(2,3)
(2,3)
(2,3)
(2,2)
(2,0)
(2,_.)
(2,3)
(2,5)
(2,3)
(2,3)

INDEX (CONTD)

OCTAl.
_IZ_

52
214
102

1_33
77
40
5_
20
10
32

]22
36
50
10
43

113

113
114
307
2v5

73
76
37

T
46

225
275
153

33
32

2546
12
1P
10
20
?3
6O
26
52
14

110
3O

V-25
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